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Description 

This application is a continuation-in-part of application Serial No. 07/247,100 filed September 20, 1988, the dis- 
closure of which is incorporated herein by reference. 
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FIELD OF THE INVENTION 

The present invention relates to an RNA catalyst which cleaves specific RNA sequences into a fragment having 
a 5' hydroxy! and a fragment having a 2', 3' cyclic phosphate. The products of the reaction described herein resemble 
io those resulting from the natural hydrolysis of RNA. 

BACKGROUND OF THE INVENTION 

Certain naturally occurring satellite, virusoid and viroid RNAs possess the property of self-catalyzed cleavage. 

is Self-cleavage has been demonstrated in vitro for avocado sunblotch viroid (ASBV) (Hutchins, C. J., Rathjen, P. D., 
Forster, A. C. and Symons, R. H. (1986) Nucleic Acids Res. , 14: 3627-3640), satellite RNA from tobacco ringspot virus 
(sTRSV) (Prody, G. A., Bakos, J. T., Buzayan, J. M, Schneider, I. R. and Bruening, G. (1986) Science , 231 : 1577-1580; 
Buzayan, J. M., Gerlach, W. L. and Bruening, G. B. (1986) Proc. Natl. Acad. Sci. U.S.A. 83 : 8859-8862) and lucerne 
transient streak virus (vLTSV) (Forster, A. C. and Symons, R. H. (1987) Cell , 49 : 

20 211-220). These self -catalyzed RNA cleavage reactions share a requirement for divalent metal ions and neutral or 
higher pH and cleave target RNA sequences to give 5' hydroxyl and 2',3'-cyciic phosphate termini (Prody, G. A., Bakos, 
J. T, Buzayan, J. M., Schneider, I. R. and Bruening, G. (1986) Science , 231 : 1577-1580; Forster, A. C. and Symons, 
R. H. (1987) Cell, 49: 211-220; Epstein, L. M. and Gall, J. G. (1987) Cell, 48: 535-543; Buzayan, J. M. Gerlach, W. L, 
Bruening, G. B., Keese, P. and Gould, A. R r (1986) Virology , 151 : 186-199). 

25 a "hammerhead" model has been proposed and accurately describes the catalytic center of (+)sTRSV RNA, the 

(+) and (-) strands of ASBV and the (+) and (-) strands of vLTSV (Forster, A. C. and Symons, R. H. (1987) Cell, 49: 
211-220). The single exception is (-)sTRSV RNA which does not fit the "hammerhead" model (Forster, A. C. and Sy- 
mons, R. H. (1987) Cell, 49: 

211-220; Buzayan, J. M., Gerlach, W. L. and Bruening, G. (1986) Nature, 323: 349-352; Buzayan, J. M., Hampel, A. 

30 and Bruening, G. B. (1986) Nucleic Acids Res. , 14 : 9729-9743), and the structure of whose catalytic center was un- 
known prior to the present invention. It is therefore understandable that the primary scientific focus has been on studying 
the "hammerhead" consensus structure and, as regards sTRSV, on studying the (+) strand. 

I ntermolecular cleavage of ah RNA substrate by an RNA catalyst that fits the "hammerhead" model was first shown 
in 1987 (Uhlenbeck, O. C. (1987) Nature, 328: 596-600). The RNA catalyst was recovered and reacted with multiple 

3S RNA molecules, demonstrating that it was truly catalytic. 

Catalytic RNAs designed based on the "hammerhead" motif has been used to cleave specific target sequences 
by making appropriate base changes in the catalytic RNA to maintain necessary base pairing with the target sequences 
(Haseloff and Gerlach, Nature . 334 , 585 (1988); Walbot and Bruening, Nature , 334 , 196 (1988); Uhlenbeck, O. C. 
(1987) Nature, 328: 596-600; Koizumi, M., Iwai, S. andOhtsuka, E. (1988) FEBS Lett. , 228 : 228-230). This has allowed 

40 use of the catalytic RNA to cleave specific target sequences and indicates that catalytic RNAs designed according to 
the "hammerhead" model may possibly cleave specific substrate RNAs jn vivo , (see Haseloff and Gerlach, Nature , 
334 , 585 (1988); Walbot and Bruening, Nature , 334 , 196 (1988); Uhlenbeck, O. C. (1987) Nature , 328 : 596-600). 

However, catalytic RNAs such as these that were designed based on the "hammerhead" model have several 
limitations which restrict their use in vitro and may forestall their use in vivo . For example, the temperature optimum 

45 for the reaction is 50-55'C, which is well above physiological, and the kcat (turnover number) is only 0.5/min even at 
55°C (Uhlenbeck, O. C. (1 987) Nature . 328:596-600; Haseloff and Gerlach, Nature , 334 , 585 (1 988)). In addition, the 
Km is 0.6u,M (Uhlenbeck, O. C. (1987) Nature , 328 :596-600) meaning that the reaction requires high concentrations 
of substrate which makes it difficult, if not impossible, for the catalytic RNA to cleave low levels of target RNA substrate 
such as would be encountered jn vivo . 

50 Cech et al. published application WO 88/04300 also reports the preparation and use of certain synthetic ribozymes 

that have several activities, including endoribonuclease activity. The design of these ribozymes is based on the prop- 
erties of the Tetrahvmena ribosomat RNA self-splicing reaction. A temperature optimum of 50°C is reported (pages 37 
and 39) for the endoribonuclease activity, and the Km and kcat reported for this activity were 0.8uM and 0.13/minute, 
respectively (page 44). 

55 in view of the above, there is a need for an RNA catalyst having a lower temperature optimum, preferably near 

physiological temperatures, a higher turnover number and a smaller Km and which can be engineered to cut specific 
target RNA substrates. Accordingly, based on the discovery of a totally different structure disclosed hereinafter, it is 
an object of the present invention to provide such an RNA catalyst. Other objects and features of the invention will be 
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55 



in part apparent and in part pointed out. The invention accordingly comprises the products and methods hereinafter 
described and their equivalents, the scope of the invention being indicated in the appended claims. 

SUMMARY OF THE INVENTION 

The invention comprises a compound being a synthetic RNA catalyst having the structure: 




0 



3' 



(N) P1 — (N) re> — AAGA— (W) „-5 ' 



wherein each N represents a ribonucleotide, deoxyribonucleotide, phosphorothioate, or modified nucleotide which 
may be the same or different; wherein each of (N) F4 and (N) F3 represents an oligonucleotide having a predeter- 
mined sequence which is capable of hybridizing with an RNA target sequence to be cleaved; 
wherein F3 represents an integer which defines the number of nucleotides in the oligonucleotide with the provisio 
20 that F3 is greater than or equal to 3; ' 

wherein F4 represents an integer which defines the number of nucleotides in the oligonucleotide with the proviso 
that F4 is from 3 to 5; 

wherein each of (N) P1 and (N) P4 represents an oligonucleotide having a predetermined sequence such that (N) P4 
base-pairs with 3-6 bases of (N) P1 ; wherein P1 represents an integer which defines the number of nucleotides in 
2S the oligonucleotide with the proviso that 

PI is from 3 to 6 and the sum of P1 and F4 equals 9; 

wherein (N) S1 represents an oligonucleotide having a predetermined sequence of 4-7 bases such that (N)s 1 is 
substantially unpaired; wherein each of (N)^ and (N) P3 represents an oligonucleotide having a predetermined 
sequence such that (N) P2 base-pairs with at least 3 bases of (N) P3 ; wherein each * represents base pairing between 

30 the nucleotides located on either side thereof; 

wherein each solidline represents a chemical linkage providing covalent bonds between the nucleotides located 
on either side thereof; wherein each of the dashed lines independently represents either a chemical linkage pro- 
viding covalent bonds between the nucleotides located on either side thereof or the absence of any such chemical 
linkage; and wherein (N)^ represents an oligonucleotide which may be present or absent with the proviso that L2 

35 represents an integer which is greater than or equal to 3 if (N)^ is present provided that (N) F4-AAGA-(N)F3-5' 

does not comprise ACUGAAGAGACAAA. 

Said synthetic RNA catalyst is capable of cleaving an RNA substrate which contains the sequence: 



5 , -F 1 -CS-F 2 -3 f , 



wherein, 



CS is a cleavage sequence; and 

Ft and F 2 each is a sequence of bases flanking the cleavage sequence. 

The catalyst comprises a substrate binding portion and a "hairpin" portion. The substrate binding portion of the 
catalyst has the sequence: 



3 -F 4 -AAGA-F 3 -5 



wherein, 

F 3 is a sequence of bases selected so that F 3 - is substantially base paired with F 2 when the catalyst is bound to 
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the substrate; 

F 4 is a sequence of bases selected so that F 4 is substantially base paired with F 1 when the catalyst is bound to 
the substrate; 

the sequences of F 3 and F 4 being selected so that each contains an adequate number of bases to achieve sufficient 
s binding of the RNA substrate to the RNA catalyst so that cleavage of the substrate can take place 

The "hairpin" portion is a portion of the catalyst that assumes a hairpin-like configuration when the substrate- 
catalyst complex is modeled in two dimensions for minimum energy folding. The "hairpin" portion of the catalyst pref- 
erably has the sequence: 



15 



P - AUAUUAC-P 4 -3 



L 2. 



*w p i- 5. 



wherein, 



20 p 1 and P 4 each is a sequence of bases, the sequences of P., and P 4 being selected so that and P 4 are sub- 

stantially base paired; 
P 1 is covalently attached to F 4 ; 

is a sequence of bases, the sequence of S-, being selected so that S-, and S'-AUAUUAC-S 1 are substantially 
unpaired; 

25 p 2 and P 3 each is a sequence of bases, the sequences of P 2 and P 3 being selected so that P 2 and P 3 are sub- 

stantially base paired; and 
L 2 is a sequence of unpaired bases. 



RNA catalysts according to the invention can cleave substrates of any length or type as long as they contain an 
30 appropriate cleavage sequence. In particular, the catalysts can be used to cleave a specific sequence in naturally- 
occuring RNA having a cleavage sequence, as well as RNAs which have been engineered to contain a cleavage 
sequence. 

The invention further comprises an engineered DNA molecule and a vector, each of which comprises a DNA 
sequence that codes for an RNA catalyst according to the invention. The invention also comprises a host transformed 

35 with the vector, the host being capable of expressing the RNA catalyst. In particular, hosts can be transformed with 
vectors that, when transcribed, will produce RNA catalysts which can cleave any RNA, native or foreign, found in the 
host. For example, hosts can be transformed with vectors that, when transcribed, produce RNA catalysts which can 
regulate the expression of genes by cleaving messenger RNA or which act as anti-viral agents by cleaving viral RNA. 
Thus, the invention has application in vitro and in vivo in prokaryotes and eukaryptes of plant or animal origin in reg- 

40 ulating gene expression and for controlling viral infections. 

Finally, the invention includes a method of cleaving an RNA substrate comprising contacting the substrate with an 
RNA catalyst according to the invention. The reaction is unique because it occurs under physiological conditions, 
having a temperature optimum near 37° C, with very favorable reaction parameters. The method can be practiced jn 
vitro or in vivo . For instance, the method may be practiced in vivo in host cells that have been transformed with a vector 

45 that codes for an RNA catalyst according to the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the (-)sTRSV RNA substrate -catalyst complex that fits the "hairpin" model of catalytic RNA in 
accordance with the present invention. 

Figure 2 shows minimum energy folding of (-)sTRSV RNA. 

Figure 3 shows the time course of catalysis of a substrate RNA by the catalytic RNA. 

Figure 4 shows the Michaelis^Menten kinetics of the RNA catalytic reaction. 

Figure 5 shows the temperature dependence of the RNA catalytic reaction. 

Figure 6 shows the dependence of the rate of reaction on concentration of catalytic RNA. 

Figure 7 shows the reaction properties of a smaller RNA substrate. 

Figure 8 shows loss of catalytic activity when the terminal A at position 175 or the terminal bases AU at positions 
175 and 176 are removed from the catalytic RNA. 
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Figure 9 shows loss of catalytic activity when bases 195-203 in the catalytic RNA sequence are removed. 
Figure 10 shows loss of catalytic activity when bases AAA at positions 203, 202 and 201 are changed to CGU 
respectively. 

Figures 11 A-C show that there is no effect on catalytic activity when base A at position 49 in the substrate is 
5 changed to a G, U or 0. 

Figure 12 shows that different target RNA sequences can be used as long as the base pairing with the catalytic 
RNA in the regions flanking the cleavage sequence is maintained. 

Figure 13 shows that an RNA sequence found in tobacco mosaic virus can be cleaved at a specific site with the 
catalytic RNA of the present invention. 
10 Figures 14A-C show three substrates having sequences found in the sequence of the messenger RNA coding for 

chloramphenicol acetyl transferase. Figures 14A-C also show the separation patterns on acrylamide gels of the reaction 
products obtained by reacting these substrates with catalytic RNAs designed to base pair with the substrates in the 
regions flanking the AGUC cleavage sequence. 

Figure 15 shows the sequence of a substrate having a sequence found in the sequence coding for the gag protein 
15 of the HIV-1 virus which causes AIDS. Figure 15 also shows the separation patterns on acrylamide gels of the reaction 
products obtained by reacting this substrate with a catalytic RNA designed to base pair with the substrate in the regions 
flanking the CGUC cleavage sequence of the substrate. 

Figure 16 shows the sequence of a substrate having a sequence found in the sequence coding for the regulatory 
tat protein of the HIV-1 virus. Figure 1 6 also shows the separation patterns on an acrylamide gel of the reaction products 
20 obtained by reacting this substrate with a catalytic RNA designed to base pair with the substrate in the regions flanking 
the UGUC cleavage sequence of the substrate. 

Figure 17 shows the sequence of a substrate having four non-native U's added to the 3 / end of the sequence of 
the native (-)sTRSV substrate shown in Figure 1. Figure 17 also shows the separation patterns on an acrylamide gel 
of the reaction products obtained by reacting this substrate with different concentrations of a catalytic RNA designed 
2$ to base pair with the substrate in the regions flanking the cleavage sequence of the substrate, including with the four 
non-native U's. 

Figure 1 8 summarizes the sequence requirements for the target region of the substrate RNA. Only GUC is required 
for cleavage. 

Figure 19 shows the positions of base changes (open boxes) made in the sequence of the catalytic RNA shown 
30 in Figure 1 in order to prove the existence of Helices 3 and 4 predicted by the "hairpin" model for (-)sTRSV RNA. Figure 
19 also shows the separation patterns on acrylamide gels of the reaction products obtained by reacting the various 
catalytic RNAs with substrate RNA S17. 

Figure 20 shows the RNA sequence of an autocatalytic cassette that has utility in terminating transcription at a 
very specific site. Figure 20 also shows the separation pattern on an acrylamide gel of the reaction products obtained 
35 when this catalyst was transcribed and cleaved autocatalytically. 

Figure 21 shows the positions of two base changes that were made in the native (-)sTRSV catalytic RNA sequence 
shown in Figure 1. Figure 21 also shows the separation patterns on acrylamide gels of the reaction products obtained 
by reacting these catalysts or catalyst R51 (control gel) with substrate S17. 

Figure 22A shows a partial map of plasmid pHC-CAT containing the CAT gene linked to the "hairpin" autocatalytic 
40 cassette of the invention. Also shown is the expected RNA transcript of the illustrated region and the expected 5' 
fragment of the autocatalytic cleavage. 

Figure 22B shows the result of Northern blot analysis of RNA produced by host cells transformed with pHC-CAT. 

Figure 1 . The "hairpin" model for RNA catalysis was developed by determining the minimum energy folding pre- 
dicted by computer modeling of the catalytic complex containing the minimum size catalytic RNA and substrate RNA 
45 of (-)sTRSV RNA. It is this minimum energy folding which is shown in Figure 1. Two molecules are shown folded: (1) 
catalytic RNA which contains 50 bases of satellite RNA (224-175) and (2) substrate RNA which contains 14 bases of 
satellite RNA (53-40). The arrow represents the site of cleavage. 

The 50-base catalytic RNA and the 14-base substrate RNA are the "minimum size" in the sense that reductions 
in their length result in a substantial or total loss of catalytic activity as is shown in the Examples below. Thus, this 
50 length of (-)sTRSV catalyst sequence is preferred to shorter lengths. Also, substrate RNA having at least the degree 
of base-pairing with the catalyst exhibited by the 1 4-base substrate is preferred. 

Figure 2 . Minimum energy folding of (-)sTRSV RNA. The molecule was folded using the Wisconsin RNA folding 
program (Zucker, M. and Stiegler, P. (1981) Nucleic Acids Res. , 9: 133-148; Devereux, J., Haeberli, P. and Smithies, 
O. (1984) Nucleic Acids Res. , 12: 387-395) with base numbers corresponding to (+)sTRSV (Buzayan, J. M., Gerlach, 
55 w. L, Bruening, G. B., Keese, P. and Gould, A. R. (1986) Virology , 151 : 186-199). With this numbering scheme the 
5' -3* direction of the molecule is with decreasing base number. The minimum catalytic complex is identified. The sub- 
strate RNA sequence is between bases 53-40 and the catalytic RNA sequence is between bases 224-175. The arrow 
is the site of cleavage. 
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The folding identifies regions of expected base pairing and expected non-base pairing, loops. This model does 
not preclude higher order interactions occurring between the loops. 

Figure 3 . Time course of substrate S1 7 cleavage by catalytic RNA R51 . The reaction was carried out under standard 
conditions, which were 37°C in 12mM MgCI 2 , 40mM Tris pH 7.5 and 2mM spermidine, for the following times: lane 1 , 
s 30 sec; lane 2, 5 min; lane 3, 15 min; lane 4, 30 min; lane 5, 60 min; lane 6, 90 min; lane 7, 150 min. Concentrations 
were as follows: [R51]=0.0032uM and [S17]=0.09uM. RNA was separated on 7M urea, 20% acrylamide gels, bands 
cut out and counted in the liquid scintillation counter for Figures 3-17 and 19-21 . Throughout the figures, the designa- 
tions 5'F and 3'F are the products of cleavage of the substrate and represent the resulting 5' fragments and 3' fragments, 
respectively. 

10 Figure 4 . Eadie Hofstee plot of catalytic RNA R51 cleavage of substrate RNA S17. The reaction was carried out 

at 37°C in 12mM MgCI 2 , 40mM Tris pH 7.5 and 2mM spermidine. Concentrations were as follows: [R51]=0.0004uM 
and [S17]=0.125uM (lane 1), 0.0625uM (lane 2), 0.041 7uM (lane 3), 0.031 uM (lane 4), 0.021 uM (lane 5), 0.01 56uM 
(lane 6), 0.0078uM (lane 7) and 0.0039uM (lane 8). 

Figure 5 . Temperature dependence of the rate of cleavage of substrate RNA S17 by catalytic RNA R51. The 

15 reaction was carried out in 1 2mM MgCI 2 , 40mM Tris pH 7.5 and 2mM spermidine at 45°C (lane 6), 41 °C (lane 5), 37°C 
(lane 4), 33°C (lane 3), 27°C (lane 2) and 20°C (lane 1), The concentrations used were: [R51]=0.003uM and [S17] 
=0.09uM. R51 was unlabeled. The velocities shown in the graph in Figure 5 were calculated by the use of time points 
of 8 and 16 minutes. The separation patterns of the reaction products on the acrylamide gel shown in the figure are 
for the 1 6-minute time point. 

20 Figure 6 . Rate of cleavage of substrate RNA S17 at varying concentrations of catalytic RNA R51 . The reaction 

was carried out at 37°C in 12mM MgCI 2 , 40mM Tris pH 7.5 and 2mM spermidine for 40 min (lane 1 and 2), 20 min 
(lane 3), 10 min (lane 4) and 5 min (lane 5). The concentration of substrate used was 0.175uM. 

Figure 7 . Eadie Hofstee plot of catalytic RNA R51 cleavage of substrate RNA S10. The substrate S-10 containing 
the RNA sequence: GACAGUCCUG was prepared from a DNA template containing the T-7 promoter as described in 

ss Example 2. This substrate was mixed with the catalytic RNA, R51 , from Example 2 under standard conditions: 37° C 
in 1 2mM MgCt 2 , 40 mM Tris pH 7.5 and 2mM spermidine for 1 0 min. Concentrations of substrate used were as follows: 
0. 1 1 5uM, 077uM, 0.038uM, 6.029uM, 0.01 4uM. The concentration of catalytic RNA, R51 , used was 1 nM. The line was 
fit by linear regression analysis and intercept, kcat, and Michaelis constant, Km, calculated. 

Figure 8 . Removal of the terminal "A" at position 175 of the catalytic RNA. The "A" at base position 175 (circled) 

30 * was removed and the resulting catalytic RNA, R50, reacted with substrate S17. In addition, two bases were removed, 
to give R49 which had both A175 and U176 removed. Concentration of substrate S1 7 was 0.3uM and all catalytic RNA 
concentrations were4nM. The reaction times were 20 min under standard conditions. Lane 1 R51/S17; Lane 2 R50/S17; 
Lane 3 R49/S17; Lane 4 S1-7 alone. A 75% loss of activity was seen with R50 and R49. 

Figure 9 . Loss of activity when bases 195-203 in the catalytic RNA sequence are removed. When the underlined 

35 bases were removed and the adjacent bases ligated together, no catalytic activity was seen. 

Figure 10 . Loss of activity when bases AAA at positions 203, 202 and 201 are changed to CGU respectively. When 
the circled AAA bases were replaced by the underlying 5'-CGU-3' bases, no catalytic activity was seen. 

Figure 11 A . No effect no activity when base A49 in the substrate is changed to a "G". The circled "A" base 49 in 
the substrate was changed to a "G" and no effect on activity was seen. The concentration of R51 was 0.01 6uM, [S17] 

40 =0.4uM, and [S17(A->G)]=0.2u/vL Reaction under standard conditions was for 40 min. Lane 1 S17; Lane 2 S17/R51; 
Lane 3 S17(A->G); Lane 4 S17(A->G)/R51. 

Figure 11 B . No effect on activity was seen when base A49 in the substrate was changed to a "IT (S17(A->U)). 
The concentration of substrate RNA S17(A-->U) used was 0.1 2uM and the concentration of R51 was 0.0065uM. Re- 
action was for 60 minutes under standard conditions. The catalytic RNA was unlabel led. 

45 Figure 11 C . No effect on activity was seen when base A49 in the substrate was changed to a n C" (S17(A->C)). 

The concentration of substrate RNA S17(A-->C) used was O.OSuM and the concentration of R51 was 0.0065uM. Re- 
action was for 60 minutes under standard conditions. The catalytic RNA was unlabelled. 

Figure 12 . Different target RNA sequences can be used as long as the base pairing is maintained with the catalytic 
RNA. The C:G base pair predicted by the "hairpin" model of the catalytic complex of (-)sTRSV, Figure 1 , was changed 

so to a G:C base pair (circled) and activity was maintained. In this experiment the usual substrate S17 was not used; 
instead a new substrate was used with the exact same sequence except the first two vector bases GC were eliminated. 
The resulting sequence of this new substrate S15 was gUGACAGUCCUGUUU. The substrate containing the 
C50->G50 base change was S15(C->G) and the catalytic RNA with the G214->C214 base change was R51(G->C). 
The reactions were run under standard conditions for 60 min at [R51J=0.07uM, .[S15]=0.12uM, [S15(C->G)]=0.15uM, 

ss [R51(G->C)]=0.05uM. Lane 1 R51/S15; Lane 2 R51(G->C)/S15; Lane 3 S15; Lane 4 R51(G->C)/S15(C->G); Lane 5 
S15(C->G). 

Figure 1 3 . An RNA sequence found in tobacco mosaic virus (TMV) can be cleaved at a specific site. The substrate 
RNA shown is that beginning with nucleotide #538 in the tobacco mosaic virus sequence. The catalytic RNA has been 
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synthesized to base pair with the TMV substrate RNA in the stem regions of the "hairpin" as shown by the circled base 
pairs. Reaction was tor 20 min under standard conditions with a catalytic RNA concentration of 3nM and a substrate 
concentration of 0.06uM. Lane 1 TMV substrate RNA only; Lane 2 TMV catalytic RNA/TMV substrate RNA. 

Figures 14A-C . The sequences of three substrate RNAs having sequences found in the messenger RNA for chlo- 

s rarhphenicol acetyl transferase (CAT) are shown. They have 14-, 16- and 18-base long target sites, and the length of 
the 3' regions flanking the AGUC cleavage sequence is extended in substrates (B) and (C) as compared to substrate 
(A). Catalytic RNAs designed to base pair with the substrate RNAs in both the 3' and 5' regions flanking the cleavage 
sequence AGUC were synthesized. The open boxed bases are those which are different from those in the native (-) 
sTRSV substrate RNA sequence shown in Fig. 1 . 

10 Figure 15 . This figure shows the sequence of a substrate RNA having a sequence found in the region of the HI V- 

1 viral RNA which specifies the gag protein. A catalytic RNA was made whose sequence was designed so that the 
catalyst would base pair with the substrate RNA in both the 3' and 5' regions flanking the cleavage sequence. The 
open boxed bases are those which are different than those of the native (-)sTRSV sequence shown in Figure 1 . The 
catalytic RNA cleaved the substrate RNA at the arrow. 

is Figure 16 . Shown is the sequence of a substrate RNA having the sequence found at the beginning of the coding 

region for the regulatory protein tat of the HI V-1 virus. A catalytic RNA was made which was designed so that it would 
base pair with the substrate RNA in both the 3' and 5' regions flanking the UGUC catalytic cleavage sequence. The 
open boxes are bases which are different from those of the native (-)sTRSV substrate sequence shown in Figure 1 . 
Cleavage occurred at the arrow as shown. 

20 Figure 17 . Shown is the sequence of a substrate RNA having four non-native bases (UUUU) added to the & end 

of the sequence of the native (-)sTRSV substrate RNA shown in Fig. 1 . A corresponding catalytic RNA was made 
whose sequence was designed so it would base pair with the substrate in both the 3' and 5' regions flanking the AGUC 
cleavage sequence. Cleavage rates with a constant catalytic RNA concentration and various concentrations of sub- 
strate RNA were determined by cutting out the bands of the acrylamide gels, counting the radioactivity and plotting the 

25 data using Michaelis-Menton procedures to calculate Km and kcat. 

Figure 18 . Summary of the sequence requirements for the target region of substrate RNA. Only a GUC sequence 
is required for cleavage of the substrate as long as the short sequences of bases in the regions of the substrate flanking 
the cleavage sequence are substantially base paired with corresponding regions of the RNA catalyst. The regions of 
base pairing are labeled Helix 1 and Helix 2 in the figure. Also, the regions of base pairing predicted by the "hairpin" 

30 model for (-)sTRSV to exist in the "hairpin" portion of the catalyst are labeled Helices 3 and 4. 

Figure 19 . Confirmation of the existence of Helices 3 and 4 predicted by the "hairpin" model for (-)sTRSV RNA. A 
G->C base mutation in base 35 (count bases from the 5' end of the catalytic RNA sequence shown) of the (-)sTRSV 
catalytic RNA sequence shown in Fig. 1 resulted in an RNA with no catalytic activity (Lanes 3 and 4 ("mismatch")). A 
double mutant, G35->C; C27->G had restored catalytic activity (Lanes 5 and 6 ("substitute b.p. n )). These two base 

35 changes are in the Helix 4 region whose existence is predicted by the "hairpin" model for (-)sTRSV. Also, a catalytic 
RNA having a single base change at position 47 (G47->C) was inactive (Lanes 9 and 10), while a double mutant, with 
a second mutation C17->G, had restored activity (Lanes 11 and 12). These two base changes are in the Helix 3 region 
whose existence is predicted by the "hairpin" model. The control (Lanes 1, 2, 7 and 8) is cleavage of the substrate 
RNA S17 having the native (-)sTRSV sequence by catalytic RNA sequence R51 having the native sequence. 

40 Figure 20 . The RNA sequence of a synthetic "hairpin" autocatalytic cassette is shown. The sequence shown in 

Figure 20 is the same as that of the catalyst shown in Figure 1 , but with additional 5'bases added to form a loop at the 
5' end of the catalyst and to provide a substrate target sequence (Le., a cleavage sequence and upstream and down- 
stream flanking bases) which can bind to the substrate binding portion of the catalyst sequence. Such an RNA was 
prepared. When transcription was performed, the cassette autocatalytically cleaved at the expected site to give the 

45 appropriate 3'F and 5'F products. 

Figure 21 . Shown are two base changes that were made in the native (-)sTRSV catalytic sequence shown in Figure 
1 . The two bases changes were an "A" to "U" mutation at position 217 and a "G" to "C" mutation at position 216. Figure 
21 also shows the separation patterns on acrylamide gels of the reaction products obtained by reacting one of these 
catalysts or R51 (control) with substrate S17. Both base changes produced catalysts that were inactive when the 

so catalysts were reacted with substrate S17 under standard conditions for 15 minutes. 

Figure 22A shows a partial map of plasmid pHC-CAT containing the CAT gene linked to the "hairpin" autocatalytic 
cassette of the invention. Also shown is the expected RNA transcript of the illustrated region and the expected 5' 
fragment of the autocatalytic cleavage. 

Figure 22B shows the result of Northern blot analysis of RNA produced by host cells transformed with pHC-CAT. 

55 An RNA catalyst has been identified comprising an RNA sequence which can be engineered to cut, with great 

precision, target RNAs having a cleavage sequence. In particular, the invention comprises certain synthetic RNA cat- 
alysts capable of cleaving an RNA substrate which contains the sequence 5'-F 1 -CS-F 2 -3'. "Synthetic RNA catalyst," 
as used herein, means a catalyst which is not a naturally-occuring RNA catalyst, although "synthetic catalysts" may 
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be truncated or altered versions of naturally-occuring catalysts. "Synthetic catalysts" include catalysts synthesized jn 
vitro and catalysts synthesized in vivo. In particular, "synthetic catalysts" include catalysts produced by hosts trans- 
formed by a vector comprising a sequence coding for the catalyst. 

RN A of any length and type may be used as the substrate as long as it contains the 5'^ -CS-F 2 -3' target sequence. 
s In this formula, CS is the cleavage sequence (Le., a sequence of bases containing the site at which the catalyst cleaves 
the substrate). CS is a short sequence of bases which does not base pair with the RNA catalyst, and CS preferably 
has the sequence S'-NGUC-S', wherein N is any base, and the substrate is cleaved by the catalyst between N and G 
to produce a fragment having an OH at the 5' end and a fragment having a 2', 3* cyclic phosphate at the 3' end. 

CS is flanked by two short base sequences F 1 and F 2 which do base pair with the RNA catalyst. F A is preferably 
10 at least 3 bases in length, most preferably 4 bases in length. F 2 is also preferably at least 3 bases in length, most 
preferably 6 to 12 bases in length. 

Catalysts according to the invention comprise a substrate binding portion and a "hairpin" portion. The substrate 
binding portion of the catalyst has the sequence: 

15 



20 wherein, 

F 3 is a sequence of bases selected so that F 3 is substantially base paired with F 2 when the catalyst is bound to 
the substrate; 

F 4 is a sequence of bases selected so that F 4 is substantially base paired with F 1 when the catalyst is bound to 
25 the substrate; 

the sequences of F 3 and F 4 being selected so that each contains an adequate number of bases to achieve sufficient 
binding of the RNA substrate to the RNA catalyst so that cleavage of the substrate can take place. 

As used herein, "substantially base paired" means that greater than 65% of the bases of the two RNA sequences 
3d in question are base paired, and preferably greater than 75% of the bases are base paired. "Substantially unpaired" 
means that greater than 65% of the bases of the two sequences in question are not base paired, and preferably greater 
than 75% of the bases are not paired. 

F 3 is preferably at least 3 bases in length, most preferably from 6 to 12 bases in length. F 4 is preferably from 3 to 
5 bases in length, most preferably 4 bases in length. 
35 The "hairpin" portion is a portion of the catalyst which folds into a hairpin-like configuration when the substrate- 

catalyst complex is modeled in two dimensions for minimum energy folding. This is shown in Figures 1 and 2 for (-) 
sTRSV RNA. The "hairpin" portion is not an absolute hairpin in the sense that not ail bases of the "hairpin" portion are 
base-paired. Indeed, it is preferable, perhaps necessary, for the "hairpin" portion to have at least one substantially 
unpaired region so that the catalyst can assume a tertiary structure that allows for better, or optimal, catalytic activity. 
4d The "hairpin" portion of the catalyst preferably has the sequence: 



P 3 - AUAUUAC-P^-3' 

45 r ^ 

^V s i- p i- 5 ' 

50 wherein, 

P-j and P 4 each is a sequence of bases, the sequences of P-, and P 4 being selected so that P A and P 4 are sub- 
stantially base paired; 
P<, is covalently attached to F 4 ; 

55 Si is a sequence of bases, the sequence of S-j being selected so that S-, and 5'-AUAUUAC-3' are substantially 

unpaired; 

P 2 and P 3 each is a sequence of bases, the sequences of P 2 and P 3 being selected so that P 2 and P 3 are sub- 
stantially base paired; and 
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L 2 is a sequence of unpaired bases. 

"Substantially base paired" and "substantially unpaired" have the same meanings as discussed above. 
P-, and P 4 each is preferably from 3 to 6 bases in length, and most preferably P-, has the sequence 5'-ACCAG-3' 
s and P 4 has the sequence 5'-CUGGUA-3\ 

S-, preferably is from 4 to 7 bases in length, and most preferably has the sequence 5'-AGAA-3'. 
P 3 is preferably from 3 to 6 bases in length, and most preferably P 3 has the sequence 5'-GUGGU-3\ 
Finally, L 2 is preferably at least 3 bases in length and most preferably has the sequence 5-GUU-3'. Further, S'-S^- 
P 2 -L 2 preferably has the sequence 5 '-AGAAACACACGUU-3'. 
to The specific preferred sequences set forth above for P-,, P 2 , , etc., are from the catalytic sequence of (-)sTRSV 

RNA. 

The most preferred catalyst contains the sequence: 



is 5 * -F--L- - F A - ACC AGAGAAAC ACACGUUGUGGUAUAUUACCUGGUA- 3 ' , 

O X 4 

and active variants thereof, wherein F 3 , F 4 and L, are as defined above. As used herein "active variants" means 
catalysts which, although having substitutions, deletions and/or additions of bases as compared to the original se- 

20 quence, are still capable of cleaving an RNA substrate. 

The invention further provides an engineered DNA molecule and a vector comprising a DNA sequence coding for 
an RNA catalyst of the invention. Also provided are host cells which have been transformed with the vectors and which 
are capable of expressing the RNA substrate. Finally, the invention provides a method of cleaving an RNA substrate 
which contains the sequence 5'-F 1 -CS-F 2 -3' 1 the method comprising contacting the substrate with a synthetic RNA 

25 catalyst according to the invention. 

The invention is further described below with particular reference to the catalytic properties of (-)sTRSV and the 
structure of its catalytic complex, but the invention is not limited thereto. In addition to the particular catalytic sequences 
shown and described below, other RNA molecules having catalytic activity to cleave an RNA substrate can be readily 
found by applying the principles set forth in this specification. 

30 For example, RNA sequences having the required structural features for cleaving an RNA substrate can be iden- 

tified by applying the Wisconsin RNA Folding Program discussed above to (1) known sequences of mole cules having 
catalytic or autocatalytic activity (espcially molecules in which the actual location of the catalytic site is unknown), (2) 
randomly generated sequences having the proper pairing regions and lengths, and (3) randomly modified known cat- 
alytic sequences, while looking for known features of a catalytic molecule, such as the "hairpin" configuration of the 

35 catalytic complex when modeled in two dimensions. As a specific example, information regarding known autocatalytic 
cleavage sites can be used to find substrate binding sequences having the properties described above, such as having 
a substrate binding sequence adjacent a "hairpin" portion. Secondary features, such as the two substantially paired 
regions in the "hairpin" portion, with an intermediate substantially unpaired region and an appropriate base loop can 
then be looked for, either by manual examination or with automated computer programs. In order of decreasing pref- 

40 erence, the following features are considered important in selecting a catalytic sequence: (1) regions that can base 
pair (form helices) with the regions of the substrate RNA molecule flanking the cleavage sequence; (2) an unpaired 
(loop) region opposite the cleavage sequence of the substrate RNA; (3) two substantially base paired regions in a 
"hairpin" structure near the cleavage sequence; (4) a substantially unpaired region between these two substantially 
paired regions in the "hairpin" structure; and (5) a loop connecting the two strands of a substantially base paired region 

45 to complete the "hairpin" structure. Standard techniques of in vitro RNA synthesis can then be used to prepare actual 
molecules having the sequence that gives the predicted two-dimensional computer-generated structure for verification 
of activity and routine testing of variation to determine optimum sequence. 

The catalysts of the present invention were developed using a "hairpin" model or motif of RNA catalysis. According 
to this model, the catalytic complex, when modeled in two dimensions for minimum energy folding, assumes a "hairpin" 

so configuration. This is shown in Figure 1 for (-)sTRSV RNA. The catalytic complex is a complex of the minimum, or 
substantially the minimum, sequence of the catalyst necessary for activity and the minimum, or substantially the min- 
imum, target sequence of the substrate. The "hairpin" configuration is not an absolute hairpin in the sense that not all 
the bases that make up this "hairpin" configuration are base-paired. Indeed, there are preferably regions of unpaired . 
bases and of substantially unpaired bases as discussed in detail elsewhere in the present application. 

ss The "hairpin" model has proved very useful in designing new catalysts, but it is still only a computer model of the 

likely secondary structure of catalytic complexes involving catalysts according to the present invention. Also, it is ulti- 
mately the tertiary structure of RNA catalysts that determines their activity. For these reasons, all catalysts having the 
properties described herein are considered to come within the scope of the present invention, even if they do not form 
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a "hairpin" configuration when complexed with the substrate and even it they do not contain a "hairpin" portion. For 
instance, it may be possible to engineer a catalyst having the properties described herein which does not have a loop 
L 2 . Such a catalyst would be considered to be fully equivalent to the catalysts described and claimed herein. 

As described in Example 1 , a catalytic complex was identified within the (-) strand of tobacco ringspot virus satellite 

s RNA (sTRSV) when the molecule was folded using computer models to determine the minimum energy folding in two- 
dimensional space. The (-) strand is a 359 base long RNA of defined sequence and is known to have autocatalytic 
properties (Gerlach, W. L, Buzayan, J. W., Schneider, I. R. and Bruening, G. B. (1986) Virology , 151 : 172-185; Buzayan, 
J. M., Gerlach, W. and Bruening, G. (1986) Nature, 323: 349-352). The (-) strand cleaves at a defined site (ApG) into 
a cleavage product having an OH at the 5' end and a 2', 3' cyclic phosphate at the 3' end. Up until the present time, 

io however, little work had been done with the (-) strand to find the catalytic complex and to determine the minimum 
cleavage sequences because it does not fit the consensus "hammerhead" model. 

In view of the above and the fact that the catalytic center would contain both the catalytic RNA sequence and the 
substrate (target) RNA sequence and by studying the results of Example 1 , a 50 nucleotide sequence between bases 
175 and 224 was picked and a 14 nucleotide sequence between bases 40 and 53 was picked. Using methodologies 

1$ found in published procedures, a catalytic RNA having a satellite RNA base sequence identical to the base sequence 
in naturally occurring (-)sTRSV between bases 175 and 224 was transcribed from chemically synthesized DNA tem- 
plates using T7 RNA polymerase as described in Example 2. An RNA substrate having a satellite RNA base sequence 
identical to the base sequence in naturally occurring (-)sTRSV RNA between bases 40 and 53 was also prepared in 
the same manner. When the newly synthesized RNAs were mixed together under appropriate conditions as described 

20 in Example 3, the catalytic RNA cleaved the substrate RNA. As described in Example 4, the first RNA catalyst fitting 
the "hairpin" motif was discovered when the complex of the 50-base catalytic RNA and the 14-base substrate RNA 
were modeled in two-dimensional space using computer modeling. 

The reaction of catalysts fitting the "hairpin" motif with an appropriate substrate proved to be an excellent catalytic 
reaction under physiological conditions. The reaction of the catalyst and substrate containing the sequences of (-) 

25 sTRSV shown in Figure 1 gave a Km of 0.03uM (see Example 5), which is 20 times smaller than that of the Km for a 
catalyst fitting the "hammerhead" model (Uhlenbeck, O. C. (1987) Nature 328: 596-600) and accounts for its ability to 
remove target RNA molecules to much lower levels (20 times lower) than that of catalysts fitting the "hammerhead" 
model. In addition, the kcat for the reaction is 2.1/min at 37°C, which is at least 6 times greater than that of a catajyst 
having the "hammerhead" configuration at the same temperature (see Example 5). These reaction parameters for a 

30 catalyst that fits the "hairpin" model can be further improved by increasing the amount of base pairing between the 
substrate and catalyst (see Example 21). 

Catalytic cleavage of the substrate RNA occurs over a broad pH range, preferably 5.5 to 8.0, and in the presence 
of divalent ions such as Mg ++ , e.g. from MgCI 2 . As would be expected for a base catalyzed reaction, the rate of reaction 
increased with increasing pH. The reaction rate also increased with increasing concentration of divalent cations as 

35 shown in Example 8. 

The reaction takes place at physiological temperatures, preferably 16°C to 45°C, with a temperature optimum at 
37 0 C as described in Example 6. Temperatures above about 45°C inactivate the reaction. Also, the temperature opti- 
mum of the reaction is affected by the degree of base pairing between the substrate and catalyst (see Example 18). 
In particular, the length of the region of the catalyst that base pairs with the 3' region of the substrate flanking the 
40 cleavage sequence can be varied so that an engineered catalyst reacting at a desired temperature can be obtained 
(see Example 18). 

The 50 base catalytic RNA configured in the "hairpin" model in Fig. 1 is the minimal sequence, or substantially the 
minimal sequence, of (-)sTRSV RNA necessary to achieve catalysis. When the 3' terminal A (base 175) or AU (bases 
175 and 176) were removed, catalytic activity was deceased by 75% as shown in Example 10. The 5' end of the 

45 molecule cannot be substantially changed either without affecting catalytic activity because it is needed to provide 
base pairing with the substrate. It can be shortened by at most about 3 bases (see Example 9). Experiments which 
removed bases 1 95-203 in the center of the catalytic RNA and ligated base 1 94 to base 204 produced an inactive 
catalytic RNA as described in Example 11 . This shows that all or part of the region between bases 1 95-203 is essential 
for catalytic activity. An additional mutagenesis experiment to test the base requirement of the three Abases at positions 

so 203, 202 and 201 was done. When these bases were changed to CGU, respectively, as described in Example 12, the 
resulting catalytic RNA was inactive. 

Base changes can be made in the two base paired regions of the "hairpin" portion of the catalytic RNA, as long 
as substantial base pairing is maintained. This is shown in Example 22 where base changes that destroyed base 
pairing in these two regions resulted in inactive catalysts. When a second base change was made which restored base 

55 pairing, the catalytic activity was also restored (see Figure 19). 

Base changes can also be made in the two regions of the catalytic RNA that base pair with the substrate, as long 
as substantial base pairing with the substrate in the regions flanking the cleavage sequence is maintained and base 
pairing with the cleavage sequence is avoided as shown in Examples 9 and 16-21 . It is this feature that gives the RNA 
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catalyst flexibility to be engineered to cut a specific target RNA substrate having a cleavage sequence such as NGUC. 
This is illustrated in Example 16 where the catalytic RNA was engineered by changing base 214 from a G to a C 
resulting in a catalytic RNA which failed to react with the substrate RNA developed from natural (-)sTRSV RNA. Activity 
was restored, however, when the substrate RNA was changed so that it could base pair with the subject engineered 

s catalytic RNA. Also see Examples 9 and 17-21. 

The (-)sTRSV catalytic RNA sequence has an 5'-AGAA-3' sequence opposite the AGLiC cleavage sequence of 
the substrate. As shown in Example 24, at least part of this AGAA sequence seems to be invariant. In particular, the 
base at position 217 in the AGAA loop was changed from a G to a C, and the base at position 21 6 was changed from 
A to U (see Figure 21 ). As reported in Example 24, these changes destroyed the activity of the catalyst. 

io The target RNA substrate of the "hairpin" catalytic complex shown in Fig. 1 has an AGUC cleavage loop which 

does not base pair to the catalytic RNA in two-dimensional space. As shown in Examples 13-15, "A" in the the AGUC 
cleavage sequence can be changed to any other base without effecting the ability of the RNA catalyst to cleave the 
substrate. Example 25 shows that the GUC sequence is conserved. Thus, the only sequence requirement for the 
cleavage sequence of the substrate RNA is GUC, 

is The cleavage sequence has four flanking bases at its 5' end and six at its 3' end which base pair with the catalytic 

RNA. As described above, the bases in the flanking regions can be changed without affecting the ability of the catalytic 
RNA to cleave the substrate as long as sufficient base pairing with the catalyst is maintained in the flanking regions. 
This would be expected to work on longer RNA substrate sequences of any length as long as these criteria are met. 
Indeed, lengthening the 3'region of the substrate that base pairs with the catalyst has been found to provide a more 

20 efficient catalytic reaction. See Examples 1 8 and 21 . However, a smaller 1 0 base substrate having three flanking bases 
at its 5' end and three flanking bases at its 3' end did not work as well as the 14-base substrate, as described in 
Example 9. 

Using the "hairpin" model as a guide, RNA catalysts can be engineered that base pair with an RNA substrate and 
mediate a cleavage in the cleavage sequence. In particular, catalytic RNA can be engineered that will cleave any RNA 
2S substrate having a cleavage sequence, such as NGUC, and flanking regions with which the catalyst base pairs, so 
that the catalytic RNA and RNA substrate form a catalytic complex in a "hairpin" motif. To do this, the bases flanking 
the cleavage sequence must be identified and the catalytic RNA engineered so that it does not pair in two-dimensional 
space with the cleavage sequence but does pair with adequate numbers of flanking bases upstream and downstream 
of the cleavage sequence. 

30 As shown in Examples 17-20, catalytic RNAs according to the invention can cleave specific viral and messenger 

RNA sequences. In Example 15, tobacco mosaic virus (TMV) RNA containing the 5' coding region of the replicase 
gene was targeted for specific cleavage by an appropriately engineered catalytic RNA. The target sequence contained 
changes in 8 of the 14 bases of the substrate RNA having a base sequence found within the catalytic complex of (-) 
sTRSV RNA and was cleaved by the engineered RNA catalyst under conditions near physiological. Catalytic RNAs 

35 were also designed and synthesized using the "hairpin" model as a guide which could cleave sequences from mes- 
senger RNA coding for chloramphenicol acetyl transferase (Example 18) and from H1V-1 viral RNA coding for the gag 
and the tat proteins (Examples 1 9 and 20). 

These examples demonstrate that the system can be used to specifically cleave an RNA sequence for which an 
appropriately engineered catalytic RNA base pairs at the designated flanking regions. Suitable target RNA substrates 

40 include viral, messenger, transfer, ribosomal, nuclear, organellas other cellular RNA, or any other natural RNA having 
a cleavage sequence, as well as RNAs which have been engineered to contain an appropriate cleavage sequence. 

Catalysts that fit the "hairpin* catalytic RNA model are expected to be useful in vivo in prokaryotes or eukaryotes 
of plant or animal origin for controlling viral infections or for regulating the expression of specific genes. In this case, 
a cleavage sequence such as NGUC in the virus or complementary to NGUC in the gene would need to be identified 

45 along with the flanking sequences immediately upstream and downstream of the cleavage sequence. Normally three 
to four bases on the 5' side of the cleavage sequence and enough bases in the order of 6 to 12 on the 3" side to provide 
adequate binding of the catalytic RNA and to provide reasonable certainty that the target RNA sequence is unique in 
the organism are all that is required. 

A catalytic RNA is then engineered which does not base pair with the cleavage sequence and which does base 

so pair to the flanking regions on the 5' and 3' side of the cleavage sequence. A DNA template corresponding to this 
catalytic RNA is then synthesized using procedures that are well-known in the art. Such procedures include the phos- 
phoramidite method. 

The invention also includes an engineered DNA molecule and a vector comprising a sequence coding for the 
desired RNA catalyst. The vector will have the DNA sequence coding for the desired catalytic RNA operatively linked 
55 to appropriate expression control sequences. Methods of effecting this operative linking, either before or after the DNA 
coding for the catalyst is inserted into the vector, are well known. Expression control sequences include promoters, 
activators, enhancers, operators, stop signals, cap signals, polyadenylation signals, and other signals involved with 
the control of transcription. 
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The vector must contain a promoter and a transcription termination signal, both operativeiy linked to the synthetic 
DNA sequence, Le^, the promoter is upstream of the synthetic DN A sequence and the termination signal is downstream 
from it. The promoter may be any DNA sequence that shows transcriptional activity in the host cell and may be derived 
from genes encoding homologous or heterologous proteins and either extracellular or intracellular proteins, such as 
s amylase, glycoamylases, proteases, lipases, cellulases, and glycolytic enzymes. Also, a promoter recognized by 17 
RNA polymerase may be used if the host is also engineered to contain the gene coding for T7 RNA polymerase. 

The promoter may contain upstream or downstream activator and enhancer sequences. An operator sequence 
may also be included downstream of the promoter, if desired. 

Expression control sequences suitable for use in the invention are well known. They include those of the E. coli 
10 jac system, the E. coli trp system, the TAC system and the TRC system; the major operator and promoter regions of 
bacteriophage lambda; the control region of filamentous single-stranded DNA phages; the expression control sequenc- 
es of other bacteria; promoters derived from genes coding for Saccharomvces cerevisiae TPI, ADH, PGK and alpha- 
factor; promoters derived from genes coding for the Aspergillus oryzae TAKA amylase and A. niger glycoamylase, 
neutral alpha-amylase and acid stable alpha-amylase; promoters derived from genes coding for Rhizomucor miehei 
is aspartic proteinase and lipase; mouse mammary tumor promoter; SV40 promoter; the actin promoter; and other se- 
quences known to control the expression of genes of prokaryotic cells, eukaryotic cells, their viruses, or combinations 
thereof. 

The vector must also contain one or more replication systems which allow it to replicate in the host cells. In par- 
ticular, when the host is a yeast, the vector should contain the yeast 2u replication genes REP1 -3 and origin of repli- 
20 cation. 

The vector should further include one or more restriction enzyme sites for inserting the DNA template sequences 
into the vector, and preferably contains a DNA sequence coding for a selectable or identifiable phenotypic trait which 
is manifested when the vector is present in the host cell ("a selection marker"). 

Suitable vectors for use in the invention are well known. They include retroviral vectors, vaccinia vectors, pUC 

25 (such as pUC8 and pUC4K), pBR (such as pBR322 and pBR328), pUR (such as pUR288), phage lambda, YEp (such 
as YEp24) plasmids, and derivatives of these vectors. 

The resulting vector having the synthetic DNA sequence that codes for the RNA catalyst is used to transform an 
appropriate host. This transformation may be performed using methods well known in the art. 

Any of a large number of available and well-known host cells may be used in the practice of this invention. The 

30 selection of a particular host is dependent upon a number of factors recognized by the art. These include, for example, 
compatibility with the chosen expression vector, toxicity to it of the catalytic RNA encoded for by the synthetic DNA 
sequence, rate of transformation, expression characteristics, bio-safety and costs. A balance of these factors must be 
struck with the understanding that not all hosts may be equally effective for the expression of a particular catalytic RNA. 
Within these general guidelines, useful hosts include bacteria (such as E. coli sp), yeast (such as Saccharomvces 

35 sp.) and other fungi, insects, plants, animals (including human), or other hosts known in the art. 

As an example of the general genetic engineering techniques that are possible, mammalian vectors can be used 
to deliver DNA coding for the catalytic RNAs of the invention to animal cells. These vectors should have a suitable 
DNA replication signal, such as from SV40, a promoter which may or may not be inducible, such as the mouse mammary 
tumor promoter (which is induced by dexamethasone) or the noninducible SV40 promoter. A multiple cloning site is 

40 located after the promoter, and the DNA coding for the engineered catalytic RNA is inserted into this multiple cloning 
site using standard techniques. If necessary a suitable terminator is inserted. The resulting vector is then put into cells 
using standard techniques such as direct injection into the nucleus, electroporatton, or other well-known transformation 
techniques. Once the vector is in the cell, the catalytic RNA is expressed directly when noninducible promoters are 
used, or after addition of the inducer when inducible promoters are used. 

45 Similarly, plant vectors, such as the Ti ptasmid or micro-Ti plasmids, can be used to deliver DNA coding for a 

desired catalytic RNA to plant cells. The Ti plasmids and micro-Ti plasmids may be used as such to transform plant 
protoplasts using known techniques or may be inserted into Agrobacteriumtumefaciens which is then used to transform 
plant tissue. Once the plasmid is in the cell, the catalytic RNA will be expressed. 

Once transformed, a host cell can express (transcribe) the RNA catalyst. When the DNA coding for the catalyst is 

50 transcribed, it produces catalytic RNA which will attack and cleave the target RNA sequence or sequences for which 
it has been designed, inactivating the RNA. If the RNA is necessary for the life cycle of a virus, the virus will be eliminated 
and if the RNA is the product of a specific gene, the expression of that gene will thus be regulated. The catalytic RNA 
can be designed to work in prokaryotes and within the nucleus (without polyA tail) or in the cytoplasm of a eukaryotic 
cell (with polyadenylation signals in place) for plants and animals. 

55 Another potential method of using the catalytic RNAs of the invention is to prepare stable synthetic derivatives of 

RNA catalysts designed to bind and cleave a specific target RNA and to deliver the modified catalysts directly to the 
cell or organism of choice. For example, standard methods are available for making phoshporothioate derivatives of 
DNA which have been shown to be very stable in vivo and to be able to bind to a specific DNA or RNA target in vivo 
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(antisense method). A modification of these procedures can be used to prepare a catalytically active derivative of RNA 
catalysts prepared according to the invention. This would entail determining which ribonucleotide regions can be altered 
and then altering them with deoxy, phophorothio, or other modifications which confer stability but do not destroy catalytic 
activity. This chemically modified catalytic RNA (which may or may not have any remaining RNA bonds) can then be 

5 injected or otherwise delivered to an organism to control viruses or gene expression. For instance, one of the catalytic 
RNAs whose preparation is described in Examples 1 9-20 having specificity for sequences found within the RNA of the 
HIV-1 virus that causes AIDS could be chemically modified as described, encapsulated in a liposome coated with 
monoclonal antibody directed to the CD4 receptors found on cells susceptible to HIV-1 , and injected into a host animal. 
The "hairpin" catalytic RNA model of the present invention may also be of possible interest to molecular biologists 

10 in exploring the genetic blue-prints of plants and animals. This would be done by sending randomly constructed DNA 
reverse transcripts of catalytic RNA into the DNA of the organism and waiting to see which gene or genes were inac- 
tivated. Other techniques could be applied to determine where those genes resided on the organism's chromosomes, 
thereby greatly accelerating gene mapping. 

Finally, a synthetic autocatalytic RNA catalyst has been developed. The synthesis of one such catalyst based on 

is the (-)sTRSV RNA catalytic and substrate sequences is described in Example 23. The use of such autocatalytic cat- 
alysts allows for the efficient autocatalytic termination of any RNA transcript in which it is inserted. 

EXAMPLES 

20 The following examples illustrate the invention. 

Example 1 

The (-) sense sequence of satellite RNA from the budblight strain of tobacco ringspot virus as shown in Fig. 2 was 
2S folded using the Wisconsin RNA folding program to identify the location of a possible catalytic complex accounting for 
its ability to self cleave (University of Wisconsin Genetics Computer Group, Program FOLD 5/6/86) (Zucker, M. and 
Stiegler, R (1981^ Nucleic Acids Res. , 9: 133-148; Devereux, J., Haeberli, R and Smithies, O. (1984) Nucleic Acids 
Res. , t2: 387-395). Base numbers correspond to (+)sTRSV RNA (Buzayan, J. M., Geriach, W. L, Bruening, G. B., 
Keese, P. and Gould, A. R. (1986) Virology , 151 : 186-199). With this numbering scheme the 5'-3' direction of the 
30 molecule is with decreasing base number 

The minimum catalytic complex, or active site of the molecule, is identified in Figure 2. The folding identified regions 
of expected base pairing which are in classical double-helical or stem regions. The folding also identified expected 
non-base pairing loops at or near the site of cleavage. This model does not preclude higher order interactions occurring 
between non-adjacent portions of the catalytic center. 

35 

Example 2 

A 50 nucleotide sequence between bases 175 and 224 was picked and a 14 nucleotide sequence between bases 
40 and 53 was picked from the catalytic complex identified in Example 1 . A catalytic RNA (R51 ) with the 50 base 

40 sequence shown in Fig. 1 plus one additional vector base (G at the 5' end) and a substrate RNA (S17) with the 14 
base sequence shown in Fig. 1 plus three vector bases (GCG at the 5' end) were transcribed using T7 RNA polymerase 
from synthetic DNA templates double stranded at the promoter site (Milligan, J. F, Groebe, D.R., Witherell, G. W. and 
Uhlenbeck, O. C. (1987) Nuc. Acids Res. , 15 : 8783-8798). The synthetic DNA templates were made-using phospho- 
ramidite chemistry on an Applied Biosystems 381 A DNA synthesizer. The template DNAs were: catalytic RNA R51: 

45 3'ATTATGCTGAGTGATATCTTTGTCTCTTCAGTTGGTCTCTTTGTGTGCAACACCATATAATGGACCAT 5' and sub- 
strate RNA S17: 3'ATTATGCTGAGTGATATCGCACTGTCAGGACAAA 5'. 

Before transcription, a 1 8mer or 1 6mer DNA complement to the promoter for T7 RNA polymerase on the noncoding 
strand was hybridized by heating an equimolar amount of template DNA with promoter complement to 65°C for 3 min. 
then placing in ice. A typical transcription reaction used 8ng/ul DNA template, 0.5mM each NTP, 2mM spermidine, 

so 40mM Tris pH 7.5, 4% polyethylene glycol 6,000, 6mM MgClg, 4mM NaCI, 10mM dithiothreitol, 0.01% Triton X-100, 
2.4 units/ul RNasin, 1.8uCi/ul P 32 CTP and 3 units/ul T7 RNA polymerase (US Biochemical) and was run at 37°C for 
90 min. 

All in vitro transcribed RNAs were isolated on 7M urea, 15-20% acrylamide gels, bands cut out and isolated. All 
RNAs were sequenced using standard methods (Donis-Keller, H., Maxam, A. M. and Gilbert, W. (1980) Nucleic Acids 
55 Res. , 4: 2527-2538); a method which also gave the 5' terminal base. Terminal bases at the 3' end were determined 
by ligation of the RNA to 5' P 32 pCp using T4 RNA ligase (BRL methods manual), nuclease T2 digestion, and separation 
of labelled bases by PEI thin layer chromatography in 0.3M LiCI with appropriate standards. All RNA sequences cor- 
responded to that expected from the DNA template. 
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Example 3 

The catalytic RNA R51 was added to the substrate RNA S17 at a ratio of 1 :30 and the time course of substrate 
RNA cleavage was studied. The reaction was carried out at 37°C in 12mM MgCI 2 , 40mM Tris pH 7.5 and 2mM sper- 
5 midine over a time period of 1 50 min and is summarized as follows: 



5'gcgUGACAGUCCUGUUU 3* R51 gcgUGUCA + GUCCUGUUU 
10 < S17 > (5'F) (3'F) 

The reaction products were separated on poly-acrylamide/urea gels by electrophoresis and bands cut out and 
counted in a liquid scintillation counter The results are shown in Fig. 3. The time periods analyzed were: lane 1, 30 
sec; lane 2, 5 min; lane 3, 15 min; lane 4, 30 min; lane 5, 60 min; lane 6, 90 min and lane 7, 150 min. Beginning 
is concentrations were as follows: R51 =0.0032uM and S1 7=0.09uM. 

As shown in Fig. 3, the cleavage proceeds to virtual completion during the course of the reaction with only 2% of 
the substrate remaining after 1 50 minutes. This shows that, since there was originally 30 times as much substrate RNA 
as catalytic RNA, the RNA catalyst R51 of necessity interacts with multiple substrate molecules during the course of 
the reaction. In addition, the amount of catalyst remained the same and was unaltered, indicating that R51 is truly a 
20 catalytic entity. 

Example 4 

After the RNA catalyst had been shown to be effective in cleaving the RNA substrate as described in Example 3, 
25 minimum energy folding of the 50 base sequence shown in Fig. 1 , complexed with the 14 base sequence was done 
using the computer methods described in Example 1 . The folded complex forms a "hairpin" model or motif as shown 
in Fig. 1 with the substrate RNA sequence and the catalytic RNA sequence identified. The arrow is at the site of 
cleavage. 

30 Example 5 

Various concentrations of substrate S17 were used at constant concentration of catalyst R51 and initial velocities 
of each reaction determined. The reaction was carried out at 37°C in 12mM MgCI 2 , 40mM Tris pH 7.5 and 2mM 
spermidine. Concentrations were as follows: R5 1 =0. 0004u M and S 17=0. 125 uM (lane 1), 0.0624uM (lane 2), 0.041 7uM 

35 (lane 3), 0.031 uM (lane 4), 0.021 uM (lane 5), 0.01 56uM (lane 6), 0.0078uM (lane 7) and 0.0039uM (lane 8). Each 
reaction was analyzed on polyacrylamide gels as described in Example 3 with the results shown in Fig. 4. An Eadie 
Hofstee plot of catalytic RNA R51 cleavage of substrate RNA S1 7 is shown in Fig. 4. The reaction proceeded according 
to the predictions of the Michaelis-Menten equation indicating that it was a truly enzymatic reaction in that as the 
concentration of the substrate goes down, the velocity of the reaction goes down. From the velocity of the reaction 

40 plotted as a function of substrate concentration, the Km calculated from the graph was 0.03uM and the kcat (turnover 
number) was 2.1/min. This Km is 20 times smaller than the "hammerhead" catalysts (see Uhlenbeck, O. C. (1987) 
Nature , 328 : 596-600) indicating that lower concentrations of substrate can be removed. The kcat is 6 times larger 
than that of catalysts fitting the "hammerhead" model at 37°C (see Uhlenbeck, O. C. (1 987) Nature , 328 : 596-600), 
meaning that the reaction is 6 times faster. 

45 • t 

Example 6 

The temperature dependence of the rate of cleavage of substrate RNA S1 7 by catalytic RNA R51 was tested over 
a temperature range and the reaction products analyzed on polyacrylamide gels as described in Example 3 with the 
50 results shown in Fig. 5. The reaction was carried out in 12mM MgCl^ 40mM Tris pH 7.5 and 2mM spermidine at 45°C 
(lane 6), 41 °C (lane 5), 37°C (lane 4), 33°C (lane 3), 27°C (lane 2) and 20°C (lane 1 ). The concentrations used were: 
R51=0.0016uM and S17=0.04uM. R51 was unlabeled. The velocities shown in the graph in Figure 5 were calculated 
by the use of time points of 8 and 16 minutes. The separation patterns on the gel shown in Figure 5 is for the 16-minute 
time point. 

55 The reaction showed a temperature dependence similar to that which would be expected of a reaction involving 

base paired RNA molecules. The Armenius plot of the data shown in Fig. 5 gives a temperature optimum of 37°C for 
the reaction. Higher temperatures reduce the reaction rate with a very rapid rate reduction above 41 °C consistent with 
a melting out of the' catalytic RNA structure. At 50°C no reaction was detectable. The reaction rate at temperatures 
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below 37°C showed a linear reciprocal temperature dependence consistent with a classical lowering of the energy of 
activation for the reaction. The slope of the line in the Arrhenius plot gave an energy of activation of 1 9 Kcal/mole which 
- is close to that found for catalysts fitting the "hammerhead" cleavage mechanism (13.1 Kcal/mole) (Uhlenbeck, O. C. 
(1 987) Nature , 328 : 596-600). 

s 

Example 7 

The rate of cleavage of a constant concentration of substrate RNA S17 at varying concentrations of catalytic RNA 
R51 was tested and the reaction products analyzed on polyacrylamide gels as described in Example 3 with the results 
10 shown in Fig. 6. The reaction was carried out at 37°C in 1 2mM MgCI 2 , 40mM Tris pH 7.5 and 2mM spermidine for 40 
min (lane 1 and 2), 20 min (lane 3), 10 min (lane 4) and 5 min (lane 5). The concentration of substrate was 0.175uM. 
The results are plotted in Fig. 6 and show that at saturating concentrations of substrate the reaction rate is linear with 
increasing RNA catalyst concentrations as one would expect for a true catalytic reaction. 

is Example 8 

The effect of Mg ++ concentration and pH on the rate of cleavage of RNA substrate S17 by RNA catalyst R51 was 
determined as shown in the following table: 



20 



MgCl 2 (mM) 


t 1/2 (min) 


0 


no detectable product 


4 


136 


6 


111 


8 


115 


10 


88 


12 


81 


15 


74 


20 


62 


PH 


t 1/2 (min) 


5.5 


330 


6.0 


120 


6.5 


67 


7.0 


48 


7.5 


42 


8.0 


38 



40 In the Mg ++ studies, the substrate S17 concentration was 0.1 4uM and RNA catalyst R51 concentration was 

0.001 5uM. The reactions were at 37°C in 40mM Tris pH 7.5. In the pH studies, the substrate S17 concentration was 
0.062uM and RNA catalyst R51 concentration was 0.001 4uM. The reactions were at 37°C in 40mM Tris for pH 7.0, 
7.5, 8.0 and in 40mM Pipes for pH 5.5, 6.0 and 6.5. 

The dependence of the reaction rate on Mg ++ and pH are virtually identical with those of catalysts fitting the "ham- 

4S merhead" model. The reaction rate increases with increasing pH as one would expect for a base catalyzed reaction 
but the effect is masked by the catalytic activity of the RNA. Hence a 100 fold increase in [Oht] between pH 6.0 and 
8.0 resulted in only a 3 fold increase in the reaction rate. 



Example 9 

so 

A 10 base substrate (S10) was prepared by the methodology of Example 2. When the substrate was mixed with 
catalytic RNA R51 , the reaction is summarized as follows: 

DC -I 

55 S'GACAGUCCUG 3* K3i GACA ♦ GUCCUG 

(S10) (5'F) (3'F) 



The results of rate studies with substrate S10 comparable to those described with S17 in Example 5 showed a 
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Km=0.06uM and a kcat=0.8/min. These results are shown in Fig. 7 and indicate that smaller substrates can be used, 
but not as efficiently. 

Example 10 

5 ■ , - 

The 3' terminal base of the catalyst shown in the ■hairpin" model of the (-)sTRSV catalytic complex in Fig. 1 is at 
position 175. Two catalytic RNAs were prepared with exactly the same sequence as R51 , except that one of them did 
not contain the 3' terminal "A* base (position 175) and the other one did not contain the 3' terminal "UA" sequence 
(positions 176 and 175). Synthesis of these catalytic RNAs, designated R50 and R49, respectively, was carried out as 

10 described in Example 2. R50 or R49 catalytic RNA was mixed with substrate RNA S17 under standard conditions of 
reaction and the products analyzed as described in Example 3. The results are given in Fig. 8 and show a 75% reduction 
in activity with either R50 or R49 as compared to the activity of catalytic RNA R51 having the 3* terminal "A" at position 
175 and the 3' terminal n AU" at positions 175 and 176. 

15 Example 11 

An RNA with the same sequence as catalytic RNA R51 was prepared, except that bases 195-203 were omitted 
sUch that base 194 was in effect ligated to base 204. This RNA molecule was prepared as described in Example 2 
from an appropriate DNA template containing the complementary sequence. When this RNA was mixed with substrate 
20 RNA S17 as described in Example 3, no reaction occurred. These results show that major elements of the "hairpin" 
structure are required for RNA catalysis to occur and that removal of 9 bases (see Fig. 9) in the middle inactivates the 
catalytic RNA. 

Example 12 

25 

An RNA with the same sequence as R51 , except that the bases AAA at positions 203, 202 and 201 were changed 
to CGU, respectively, was prepared as described in Example 2 using an appropriate DNA primer. When this potential 
RNA catalyst was mixed with substrate RNA S17 as described in Example 3, no reaction occurred. This shows that 
the integrity of one or all of these bases (see Fig. 10) is required for catalytic activity. 

30 

Example 1 3 

A substrate RNA with the base at position 49 in Fig. 1 changed from an "A" to a "G" was prepared as described 
in Example 2. When this substrate was reacted with the RNA catalyst R51 , no difference in rate of reaction was seen 
35 between this substrate and the substrate containing the "A" at position 49 (see Fig. 11 A). This shows that alterations 
can occur in the M A" base in the substrate RNA AGUC loop without affecting the ability of the catalytic RNA to cleave 
the substrate. 

Example 1 4 

40 

Another substrate RNA identical to S1 7 but having "A" replaced by M LT in the AGUC loop was prepared as described 
in Example 2 (designated "S17(A">U)"). This substrate RNA, at a concentration of 0.1 2uM, was reacted with the 
catalytic RNA R51 , at a concentration of 0.0065uM, under standard conditions as described in Example 3 for 60 minutes. 
The results are shown in Figure 11 B where Lane 1 contains the products of the reaction of substrate RNA S17(A-->U) 
45 with R51 catalytic RNA. No difference in the rate of reaction was seen between S17(A-->U) substrate RNA and substrate 
S1 7 containing the "A" base at position 49. 

Example 1 5 

so Another substrate RNA identical to S17 but having "A" replaced by "C" in the AGUC loop was prepared as described 

in Example 2 (designated "S17(A-->C)"). This substrate RNA, at a concentration of 0.08uM, was reacted with the 
catalytic RN A R51, at a concent ration of 0.0065uM, under standard conditions as described in Example 3 for 60 minutes. 
The results are shown in Figure 11C where Lane 1 contains the products of the reaction of S17(A->C) substrate RNA 
with R51 catalytic RNA. Again, no difference was seen in the rate of reaction using S17(A->C) as compared to S17 

55 containing the "A" base at position 49. The combined results of Examples 13-15 show that the base at position 49 in 
the cleavage sequence of the substrate may be any base. 
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Example 16 

Base changes in the stem regions at the site of binding of the substrate RNA to the catalytic RN A in the "hairpin" 
configuration can be made as long as the base pairing is maintained. The "C" base at position 50 of the substrate was 

5 changed to a "G" using the methods in Example 2. When this substrate RNA was reacted with the catalytic RNA R51 , 
no cleavage of this substrate occurred. However, when a new catalytic RNA, containing a "C" at position 214, rather 
than the "G" found in R51 , was synthesized according to the methods in Example 2 and added to this substrate, full 
cleavage was seen. The effect of the base change from "C" to "G" in the substrate was to eliminate the base pairing 
at this position predicted by the "hairpin" model since now a "G" would be across from a "G*. However, when a "G" to 

10 "C" base change was made in the catalytic RNA, the base pairing was restored, but in a reverse manner, and the 
integrity of the helices in the stem regions where the substrate RNA binds to the catalytic RNA was thus conserved 
restoring catalytic activity (see Fig. 12). 

Example 17 

75 - 

An RNA sequence found within the sequence of tobacco mosaic virus was synthesized using the methods de- 
scribed in Example 2. This synthesized target RNA had the sequence 5'gAAACAGUCCCCAAC 3'. A catalytic RNA 
was synthesized with the sequence 5'GUUGGGAGAAGWUACCA-GAGAAACACACGUUGUGGUAUAUUACCUG- 
GUA3' selected so that base pairing between the substrate and the catalytic RNA is maintained in the ■hairpin" con- 
20 figuration (see Fig. 1 3). When these two RNAs were mixed under standard catalytic conditions as described in Example 
3, the target was cleaved demonstrating that a sequence found within a native RNA can be cleaved. 

Example 18 

25 Three RNA sequences found within the sequence of the messenger RNA for the enzyme chloramphenicol acetyl 

transferase (CAT) were sythesized using the methods described in Example 2. The synthesized substrate RNAs had 
the sequences (A) gUUUCAGUCAGUUGC; (B) gUUUCAGUCAGUUGCUC; and (C) gggUUUCAGUCAGUUGCUCAA 
(see Fig. 14)'. 

Note that the latter two sequences are extensions of the first sequence and that additional bases have been added 

30 to the 3" end in the region that the "hairpin" model predicts will base pair with the catalytic RNA to form Helix 1 (see 
Figure 18). Also, substrate (C) had two additional G vector bases as compared to substrates (A)and (B). The site of 
cleavage after the A in the AGUC cleavage sequence (see the arrow in Figure 14) of the substrates corresponds to 
position 320 of the CAT gene using the number system found in the Tn9 sequence (Alton and Nfopnak, Nature , 282 , 
864 (1979)). In Figure 14, the open boxed bases are those which are different from those in the native (-)sTRSV 

36 substrate RNA sequence shown in Figure 1 . 

Catalytic RNAs corresponding to substrate RNAs (A), (B) and (C) were synthesized according to the methods 
described in Example 2. Their sequences were designed so that they would base pair with the substrate RNAs in both 
the 3' and 5' regions flanking the AGUC cleavage sequence. In addition, the catalytic RNAs designed to react with 
substrate RNAs (A) and (B)each contained the vector sequence GA at their 5' terminus, and the catalytic RNA designed 

40 to react with substrate RNA (C) contained the vector sequence GGG at its 5' terminus. Otherwise, the catalytic RNAs 
had the same sequence as the (-)sTRSV catalytic RNA sequence shown in Figure 1 . 

The various substrate and catalytic RNAs were reacted and the reaction products analyzed as described in Ex- 
ample 3. All reaction conditions were as described in Example 3, except for the following. For substrates (A) and (B), 
-reaction conditions were: substrate RNA concentration = O.OSuM; catalytic RNA concentration = 0.005uM; reaction 

45 run at 16°C; and reaction time of 20 minutes. For substrate (C), the reaction conditions were the same as for (A) and 
(B), except that the reaction time was 40 minutes and temperatures were 20°C, 25°C, 30°C and 37°C. 

Cleavage of all of the substrate RNAs occurred when they were mixed with the corresponding catalytic RNAs as 
is shown in Figure 14, demonstrating that catalytic RNAs according to the invention can be synthesized which cleave 
specific RNA sequences found within a messenger RNA. In addition, this example demonstrates that cleavage of 

50 substrate RNA can be obtained even thought the length of the region at the 3' end of the substrate which base pairs 
with the catalyst (Le., the portion that forms Helix 1 with the substrate according to the "hairpin" model) is varied. Indeed, 
when the length of this region was extended to 10 bases in substrate (C), the reaction could then proceed at 37°C, 
whereas for substrates (A) and (B) having shorter sequences in this region, the reaction would proceed only at 16°C. 

55 Example 19 

An RNA substrate corresponding to part of the sequence of HIV-1 , the virus which causes AIDS, was synthesized 
as described in Example 2. The sequence of this substrate RNA is shown in Figure 15. The arrow in Figure 15 shows 
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the cleavage site which corresponds to position 804 in the sequence of HIV-1 strain SF2CG (Sanchez-Pescador et 
al., Science , 227 , 484 (1985). The sequence shown is found in the region of the viral RNA which specifies the gag 
protein. The RNA substrate also had a GCG 5' vector sequence. The open boxed bases in Figure 15 are those which 
are different than those of the native (-)sTRSV substrate sequence shown in Figure 1 . 

5 A catalytic RNA was synthesized according to the methods of Example 2. Its sequence was designed so that it 

. would base pair with the substrate RNA in both the 3' and 5' regions flanking the CGUC cleavage sequence. In addition, 
the catalytic RNA contained the vector sequence GGG at its 5' terminus. Otherwise, the catalytic RNA had the same 
sequence as the (-)sTRSV catalytic RNA sequence shown in Figure 1 . 

The catalytic RNA and the substrate RNA were reacted and the reaction products were analyzed as described in 

10 Example 3. The reaction conditions were as set forth in Example 3, except that the following temperatures were used: 
20*C, 25°C, 30°C and 37°C. Also, the reaction was run for 60 minutes, except for 37°C which was run for 15 minutes, 
and the substrate RNA concentration was 50nM, and the catalytic RNA concentration was 5nM. 

The catalytic RNA cleaved the substrate at the expected position between the "C" and "G" in the CGUC cleavage 
sequence found in the loop between the two flanking stem regions. Thus, a specific sequence found in the HIV-1 viral 

15 RNA that codes for the gag protein can be cleaved. The reaction occurred with an RNA substrate having a 16-base 
target sequence which was longer than S17 in the region at the 3'end which base pairs with the catalyst (La, the 
portion that forms Helix 1 with the catalytic RNA according to the "hairpin" model). Also, the reaction occurred at 
physiological temperature of 37°C. 

26 Example 20 

A substrate RNA having a sequence found in the beginning of the coding region for the regulatory protein tat of 
HIV-1 virus was synthesized as described in Example 2. The substrate sequence is shown in Figure 16. In addition to 
the HIV-derived sequence, the substrate RNA had a GCG 5' vector sequence. The open boxes are around bases 

25 which are different than those of the native (-) sTRSV substrate sequence shown in Figure 1 . 

A catalytic RNA having a sequence so that it would base pair with the substrate RNA in the two regions flanking 
the UGUC loop (Le., the regions that forms Helices 1 and 2 with the catalytic RNA according to the ■hairpin'* model) 
was also synthesized as described in Example 2. Otherwise, the catalytic RNAs had the same sequence as the (-) 
sTRSV catalytic RNA sequence shown in Figure 1 , except that it had an additional 5'G vector base. 

30 The substrate RNA and catalytic RNA were reacted and the reaction products were analyzed as described in 

Example 3. Reaction conditions were: 37°C; reaction times of zero and 15 minutes; the concentration of substrate 
RNA was 100nM; and the concentration of catalytic RNA was 20nM. 

Cleavage occurred as expected between the "U" and the "G" in the UGUC cleavage sequence located between 
the two stem regions of the substrate. The cleavage site is indicated by the arrow in Figure 16. This is position 5366 

35 in the sequence of HIV clone h9c (Muesing et al., Nature , 313 , 450 (1985). These results again confirm that a catalytic 
RNA designed according to the "hairpin" model can cleave a specific target sequence located in a naturally occurring 
RNA, in this case a key regulatory region (tat) of the HIV-1 virus which causes AIDS. 

Example 21 

40 

Using the methods described in Example 2, a substrate RNA having four non-native bases (UUUU) added to the 
3' end of the sequence of the native (-)sTRSV substrate shown in Figure 1 and a corresponding catalytic RNA designed 
to base-pair with the substrate RNA in the 3' and 5' regions of the substrate flanking the cleavage sequence (i.e. , the 
portions that form Helices 1 and 2 with the catalyst according to the "hairpin" model) were made. Thus, the substrate 

45 RNA contained a total of 18 bases, including a four-base extension of the 3' region that base pairs with the catalyst. 
The substrate RNA also had an additional GCG vector sequence at the 5'end. The catalyst had the same sequence 
as the (-)sTRSV catalytic RNA sequence shown in Figure 1 , except that it had four additional AAAA bases at the 5'end 
designed to base pair with the added UUUU bases of the substrate and had an additional "G" vector base at the 5' 
terminus beyond the 18 base recognition site. 

50 The substrate and catalytic RNAs were reacted at standard conditions and the reaction products were analyzed 

as described in Examples 3 and 5. Catalytic RNA concentration was 0.00033uM, and substrate RNA concentration 
was 0.1uM (Lane 1), O.OSuM (Lane 2), 0.033uM (Lane 3), 0.025uM (Lane 4), 0.016uM (Lane 5), 0.012uM (Lane 6), 
0.006uM (Lane 7), and 0.003uM (Lane 8). The results are shown in Figure 17. Cleavage rates at each concentration 
of substrate were determined by cutting out the bands, counting radioactivity in a liquid scintillation counter and plotting 

55 the data using Michaelis-Menton procedures to calculate Km and kcat (see Example 5). 

The data show that an extension of the length of the region of base pairing between the substrate and catalyst (i. 
e., those regions of the catalyst and substrate that form Helix 1 according to the "hairpin" model) can improve the 
catalytic properties of the reaction. Cleavage of the 18-base RNA substrate occurred at the expected site, but at an 
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increased rate as compared to the cleavage of S17 by R51 . The kcat or turnover number of the reaction was 7/minute. 
This means that each molecule of catalytic RNA cleaved 7 molecules of substrate RNA per minute during the reaction. 
The kcat for S17 cleavage by R51 was 2.1/minute. The Km of the reaction was the same as for S1 7 cleavage by R51 
(30nM). This shows that by optimizing the length of the region of the catalyst that base pairs to the substrate in the & 
s region flanking the cleavage sequence (i.e. , by optimizing the length of Helix 1 predicted by the "hairpin" model), the 
catalytic properties of the native reaction can be improved. 

Example 22 

io a series of catalytic RNAs were prepared using the methods described in Example 2 having certain base substi- 

tutions as compared to the native (-)sTRSV catalytic RNA sequence shown in Figure 1. The substitutions, which are 
illustrated in Figure 19, were the following: (1) At nucleotide 35, G was replaced by C (G35->C) (count bases from 
the 5' end of the catalytic RNA sequence shown); (2) A double mutant, having the G at position 35 replaced by C and 
the C at position 27 replaced by G (G35->C; C27-->G); (3) At nucleotide 47, G was replaced by C (G47-->C); and (4) 

is a double mutant having the G at position 47 replaced by C and the C at position 17 replaced by G (G47-->C; C17-- 
>G). All catalytic RNAs had an additional "G" vector base at their 5' end. 

The various catalytic RNAs were reacted with substrate S17 and the reaction products were analyzed as described 
in Example 3. The results are shown in Figure 19 where Lanes 1, 3, 5, 7, 9 and 11 are at zero time, and Lanes 2, 4, 
6, 8 t 10 and 12 are 15 minutes incubation under standard cleavage conditions (see Example 3). The concentration of 

20 catalytic RNA was 0.0065uM, and the concentration of substrate RNA was 0.1 7uM. The temperature was 37°C. The 
control, lanes 1 , 2, 7 and 8, was cleavage of the native substrate RNA S1 7 by catalytic RNA R51 which has the native 
(-)sTRSV sequence (see Figure 1). 

As shown in Figure 1 9, the catalytic RNA G35-->C had no catalytic activity (see Lanes 3 and 4 of Figure 19, where 
this catalytic RNA is designated "mismatch" since the base substitution at position at position 35 results in a loss of 

25 base pairing). The double mutant catalytic RNA G35-->C; C27-->G showed restored catalytic activity (see Lanes 5 
and 6 of Figure 19 where this catalytic RNA is designated "substitute b.p." since the net effect of the two base substi- 
tutions is to create a base pair, but a base pair different than the one found in the native (-) sTRSV catalytic RNA). The 
catalytic RNA G47~>C was also inactive (see Lanes 9 and 10 of Figure 19), while the double mutant, with the second 
mutation C17-->G, showed restored activity (see Lanes 11 and 12 of Figure 19). 

30 The results of these mutagenesis studies provide confirmation for the existence of Helices 3 and 4 (see Figure 

19) of the "hairpin 0 catalytic RNA model proposed herein. The results show that when mutagensis was carried out 
which caused a base pair mismatch in the region of proposed base pairing, the catalytic RNA was inactive. However, 
when a second mutation was carried out such that the base pair was restored, although the new base pair was different 
than the original base pair, catalytic activity was restored. Such results are considered evidence for the existence of a 

35 helix (Fox and Woese, Nature , 256 , 505 (1975). These results also show that a variety of catalytic RNAs having se- 
quences different from the native (-)sTRSV sequence are catalytically active if they are designed so that they follow 
certain rules derived from the "hairpin" model, such as maintenance of substantial base pairing in regions of predicted 
helices. 

40 Examples 23 

A synthetic "hairpin" autocatalytic cassette was prepared. The RNA sequence of the cassette is shown in Figure 
20. Several bases have been added at the 5' end of the catalyst as compared to the native (-)sTRSV sequence shown 
in Figure 1 . The effect is to close the open end of the "hairpin" and to provide a substrate sequence (Le. , a cleavage 
45 sequence and upstream and downstream flanking regions) which can base pair with the substrate binding portion of 
the catalyst. 

The cassette was prepared by making an appropriate synthetic DNA template that would yield an RNA with the 
sequence shown in Figure 20 and using the DNA template to transcribe RNA as described in Example 2, with the 
following differences. After synthesizing the DNA template, it was inserted into the vector pTZ18R (US Biochemical) 

so into which a new multiple cloning site had been inserted. The new multiple cloning site was a construct containing 
sites, in 5'->3' order, for cleavage by the following enzymes: Bam Hl. Xho l, Apa l. Sac ll, Nae l. Stu l, Kpn l, Mlu l. The new 
multiple cloning site was inserted into vector pTZl8R by cleaving the vector with Bam Hl and Sail and then ligating the 
multiple cloning site to the vector using T4 ligase. Located 5' to the inserted multiple cloning site is the T7 RNApolymer^ 
ase promoter. The vector containing the multiple cloning site was digested with Mlul and Sail, and the DNA template 

55 coding for the autocatalytic cassette was Hgated into the vector using T4 ligase. The resultant vector was then linearized 
with Hin di II, and transcription carried out as described in Example 2. All restriction enzymes and the T4 ligase were 
obtained from IBI and used according to manufacturer's instructions. 

After being transcribed, the cassette spontaneously underwent an intramolecular autocatalytic cleavage at the 
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expected site to give the appropriate 5'F and 5'F products (see Figure 20). Note that the effect of this is to autocata- 
[ytically terminate a transcript. For example, the 5'F is in itself a transcript which has been terminated at its 3' end by 
the autocatalytic. reaction. Further note that this termination only leaves five essential bases at the 3' end of this 5'F. 
These are UGACA which are boxed in Figure 20. Thus, it is possible to very efficiently terminate transcription with this 
5 autocatalytic cassette and leave only a very short 3' end to the transcript (La, the 5' fragment, of the autocatalytic 
cleavage). 

Example 24 

io A catalytic RNA was prepared as described in Example 2. Its sequence was identical to that of R51, except that 

the base at position 217 in the AG A A loop was changed from a G to a C. The AGAA loop of the catalyst is opposite 
the cleavage sequence of the substrate when the substrate and catalyst are corhplexed (see Fig. 1) Another catalytic 
RNA was prepared as described in Example 2. Its sequence was also identical to R51 , except that the base at position 
216 was changed from A to U. 

is These catalysts were reacted with the RNA substrate S17 under standard conditions as described in Example 3 

at 37°C for 0 to 15 minutes. The control was the reaction of substrate S17 with catalyst R51 . The concentration of the 
three catalytic RNAs was 0.007uM, and the concentration of substrate RNA was 0.7uM. 

The reaction products were analyzed as described in Example 3, and the results are shown in Figure 21 , where 
the first lane in each gel is zero time and the second lane is 15 minutes of reaction. As shown in Figure 21, changes 

2d in either one of these two bases (G217-->C and A21 6-->U) in the loop opposite the cleavage sequence of the substrate 
destroyed the activity of the catalyst. These results indicate that these two bases are likely invariant in the native (-) 
sTRSV catalytic sequence. 

Example 25 

25 

Substrate RNAs identical to S1 7, but with one of the bases at positions 46, 47 or 48 (Le. , bases GUC of the cleavage 
sequence) changed to a different base, were prepared as described in Example 2. When these substrates were reacted 
with the RNA catalyst R51 under standard conditions for 60 minutes as described in Example 3, no cleavage of the 
substrates occurred. This shows conservation of the GUC sequence of the cleavage sequence of (-)sTRSV RNA. The 
30 results of these experiments combined with the results of Examples 13-15 show that the cleavage sequence of (-) 
sTRSV RNA is NGUC, where N is any base. 

Example 26 

35 The vector prepared in Example 23 (hereinafter referred to as "pHC") containing the "hairpin" autocatalytic cassette 

was tested for activity in vivo as follows. First, the CAT gene was removed from plasmid pMAMNEO-CAT (purchased 
from Clontech Inc.) with Sma l and Xho l. It was then ligated using T4 ligase into pHC which had been cut with Sma l 
and Xho l to produce vector pHC-CAT. 

The original vector used in these constructions (pTZ18R; see Example 23) contains an inducible promotor (lacZ) 

40 and, as a result of the steps described in Example 23 and immediately above in this example, the CAT gene and the 
"hairpin" autocatalytic cassette were placed in this inducible region (see Figure 22A). Also, the CAT gene and "hairpin" 
autocatalytic cassette were linked so that the expected transcript would be as shown in Figure 22A (the "CAT-cassette 
RNA"). Thus, the RNA sequence coded for by the "hairpin" autocatalytic cassette would be expected to serve as a 
chain terminator for the CAT transcript by cleaving at the indicated cleavage site (see Figure 22A). The expected 5' 

45 fragment of such a cleavage is also shown in Figure 22A ("Cleaved CAT-cassette RNA"). 

Next, pHC was transfected into Eschericia coli strain JM109 with calcium chloride using standard procedures as 
described in Maniatis et al., Molecular Cloning (1983). Transformed cells containing pHC-CAT were grown in LB broth 
at 37°C and then induced with 1mM isopropyl-beta-D-thipgalactoside (IPTG) for one hour to allow expression of the 
lacZ region, including the CAT gene-cassette RNA transcript. 

so At the end of this time, RNA was isolated by incubating the cells in 50 mM Tris, pH 8.0, 50mM EDTA, 1 mg/ml 

lysozyme at room temperature for 10 minutes to lyse the cells. The lysate was made to 0.5% sodium dodecyl sulfate 
(SDS), and then centrifuged to remove cell debris. Phenol was added to the supernatant at a ratio of 1:1, and the 
supernatant was centrifuged to remove the precipitate. This procedure was repeated, and the resulting aqueous phase 
was treated with an equal volume of isopropanol at -20°C for 20 minutes to precipitate the RNA. The precipitate was 

ss collected by centrifugation, dried and redissolved in water. 

This isolated RNA was electrophoresed on 1.2% agarose gels containing formaldehyde as described in Current 
Protocols In Molecular Biology (Greene 1989). After electrophoresis, Northern blots were carried out using published 
methods (GeneScreen Plus , DuPont, July 1 985). Two DNA probes were used for blotting the gels. The CAT probe was 
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prepared by primer extension of the CAT gene using the Klenow fragment of DNA polymerase I and dATP labelled 
with alpha P 32 . The "hairpin" autocatalytic cassette probe was prepared by kjnasjng the DNA complement to the entire 
"hairpin" autocatalytic cassette RNA sequence shown in Figure 20 with dATP labelled with gamma P 3 ?. The expected 
positions of binding of these probes to the CAT-cassette RNA and expected 5' fragment are shown in Figure 22A. 
5 The results of the Northern blot test are shown in Figure 22B, As shown there, when the CAT probe was used, the 

full length CAT-cassette RNA transcript and the expected 5' fragment were detected on the gel, indicating that cleavage 
has taken place in vivo . 

When the "hairpin" autocatalytic cassette probe was used, only the full length CAT-cassette RNA transcript was 
detected (see Figure 22B). The fact that the 5' fragment did not hybridize with this probe was to be expected, since 



to most of the "hairpin" autocatalytic cassette transcript would be in the 3' fragment after cleavage. The fact that the 3' 
fragment was not detected by Northern blot analysis is also not surprising. The 5' terminus of the 3' fragment would 
contain a 5'-OH and not the 5'-ppp which is ordinarily seen in RNA transcripts. Thus, the 3 / fragment would be expected 
to be very labile in vivo and was likely degraded immediately after the autocatalytic cleavage. 

The mobilities of the CAT-cassette RNA and the Cleaved CAT-cassette 5' fragment on the gel corresponded exactly 

is to the predicted length of the transcripts. The standards run on the gel were E. coli 16S and 23S RNA. 



As a control to determine if cleavage of the target RNA occurred during isolation of the RNA.intact, uncleaved 
"hairpin" autocatalytic RNA separated on an aery lam ide gel as described in Example 23 was isolated from the gel using 
conditions similar to those described above (i.e., no divalent cation, but in the presence of EDTA and SDS). Only intact, 
uncleaved RNA was obtained when the catalyst was re-electrophoresed. 
20 As various changes could be made in the above-described products and methods without departing from the scope 

of the invention, it is intended that all matter contained in the above description or shown in accompanying drawings 
shall be interpreted as illustrative and shall not be interpreted in a limiting sense. 



is Claims 



Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

30 1. A compound having the structure: 



3' 

(N) „-^(N) AAGA^-(N) n -5 ' 



40 wherein each N represents a ribonucleotide, deoxyribonucleotide, phosphorothioate, or modified nucleotide 

which may be the same or different; wherein each of (N) F4 and (N) F3 represents an oligonucleotide having a 
predetermined sequence which is capable of hybridizing with an RNA target sequence to be cleaved; 
wherein F3 represents an integer which defines the number of nucleotides in the oligonucleotide with the 
provisio that F3 is greater than or equal to 3; 

45 wherein F4 represents an integer which defines the number of nucleotides in the oligonucleotide with the 

proviso that F4 is from 3 to 5; 

wherein each of (N) P1 and (N) P4 represents an oligonucleotide having a predetermined sequence such that 
(N)p4 base-pairs with 3-6 bases of (N) P1 ; wherein P1 represents an integer which defines the number of nu- 
cleotides in the oligonucleotide with the proviso that P1 is from 3 to 6 and the sum of P1 and F4 equals 9; 
so wherein (N) S1 represents an oligonucleotide having a predetermined sequence of 4-7 bases such that (N) S1 

is substantially unpaired; wherein each of (NJ^and (N) P3 represents an oligonucleotide having predetermined 
sequence such that (N)^ base-pairs with at least 3 bases of (N) P3 ; wherein each * represents base pairing 
between the nucleotides located on either side thereof; 

wherein each solidline represents a chemical linkage providing covalent bonds between the nucleotides lo- 
ss cated on either side thereof; wherein each of the dashed lines independently represents either a chemical 
linkage providing covalent bonds between the nucleotides located on either side thereof or the absence of 
any such chemical linkage; and wherein (N) L2 represents an oligonucleotide which may be present or absent 
with the proviso that L2 represents an integer which is greater than or equal to 3 if (N)^ is present 



^N) p3 -AUAUUAC 

(N) s1 - 
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provided that (N) F4-AAGA-(N)F3-5' does not comprise ACUGAAGAGACAAA. 

2. The compound of claim 1, wherein each N represents a deoxyribonucleotide. 

3. The compound of claim 1 , wherein each N represents a ribonucleotide. 

4. The compound of claim 1, wherein (N)^ is present. 

5. The compound of claim 1 having the structure: 

3' 

A 

y U-GUG-GUAUAUUAC-CUGGU 
15 xy 6^6 ***** 

G— CAC^ACAAAG A — -HSACCA NNNN— AAGA NNNNNM— 5 ' • 

6. The compound of claims 1 -4, wherein (N) F4 and (N) F3 represents an oligonucleotide having a predetermined se- 
20 quence such that the compound is capable of cleaving an RN A target sequence selected from the group consisting 

of messenger RN A, transfer RNA, ribosomal RNA, viral RNA, nuclear RNA, organellar RNA and other cellular RNA. 

7. The compound of claim 6 wherein the compound is capable of cleaving an HIV-1 virus RNA target sequence. 

25 8. A composition which comprises the compound of any of claims 1 , 2, 3, 4, 5, 6 or 7 in association with a pharma- 
ceutically acceptable carrier. 

9. An engineered DNA molecule coding for the compound of claim 3. 

•30 10. A vector containing a nucleotide sequence operatively linked to expression control sequences which nucleotide 
sequence on transcription gives rise to the compound of claim 3. 

11. The vector of claim 10, wherein the vector is capable of self -replication in a host. 

35 12. A composition which comprises the vector of claim 10 in association with a pharmaceutically acceptable carrier. 

13. A host cell transformed with a vector of claim 10. 

14. A method of inactivating an RNA target sequence which comprises contacting an RNA target sequence with a 
40 compound of claim 1 . 

15. The method of claim 14, wherein the inactivation of the target RNA occurs in a host cell. 

1 6. The use of the compound of claims 1 to 4 in the manufacture of a pharmaceutical for the treatment of HI V-lnfections. 

45 

Claims for the following Contracting State : ES 

1. A process for preparing a compound having the structure: 



n AUAUUAC (N) M 

ss ~--v(N) P2 ( N)ji -^. (n)m (N) p£ — -AAGA (N)„-5' 
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wherein each N represents a ribonucleotide, deoxyribonucieotide, phosphorothioate, or modified nucleotide 
which may be the same or different; wherein each of (N) F4 and (N) F3 represents an oligonucleotide having a 
predetermined sequence which is capable of hybridizing with an RNA target sequence to be cleaved; 
wherein F3 represents an integer which defines the number of nucleotides in the oligonucleotide with the 
proviso that F3 is greater than or equal to 3; wherein F4 represents an integer which defines the number of 
nucleotides in the oligonucleotide with the proviso that F4 is from 3 to 5; wherein each of (N) P1 and (N) P4 
represents an oligonucleotide having a predetermined sequence such that (N) P4 base-pairs with 3-6 bases of 
(N P1 ); wherein P1 represents an integer which defines the number of nucleotides in the oligonucleotide with 
the proviso that P1 is from 3 to 6 and the sum of P1 and F4 equals 9; 

wherein (N) S1 represents an oligonucleotide having a predetermined sequence of 4-7 bases such that (N) S1 
is substantially unpaired; wherein each of (N) P2 and (N) P3 represents an oligonucleotide having a predeter- 
mined sequence such that (N) P2 base-pairs with at least 3 bases of (N) P3 ; wherein each * represents base 
pairing between the nucleotides located on either side thereof; wherein each solidline represents a chemical 
linkage providing covalent bonds between the nucleotides located on either side thereof; wherein each of the 
dashed lines independently represents either a chemical linkage providing covalent bonds between the nu- 
cleotides located on either side thereof or the absence of any such chemical linkage; and wherein (N) L2 rep- 
resents an oligonucleotide which may be present or absent with the proviso that L2 represents an integer 
which is greater than or equal to 3 if (N)|_2 is present provided that (N) F4-AAG A-(N)F3-5' does not comprise 
ACUGAAGAGACAAA, 



comprising the step of synthesizing said compound in vitro or in vivo. 
2. The process according to claim 1 , wherein each N represents a deoxyribonucieotide. 
25 3. The process according to claim 1, wherein each N represents a ribonucleotide. 

4. The process of claim 1, wherein (N)|_2 is present. 

5. The process according to claim 1 , wherein the compound has the structure: 

30 

3' 

A 

/U-GUG-GUAUAUUAC-CUGGU 
n *** 

35 ^ G-CAC-ACAAAGA GACCA -NNNtf— AAGA — NNNNNH-S ' 



6. The process according to claims 1 to 4, wherein (N) F4 and (N) F3 represents an oligonucleotide having a predeter- 
mined sequence such that the compound is capable of cleaving an RNA target sequence selected from the group 

40 consisting of messenger RNA, transfer RNA, ribosomal RNA, viral RNA, nuclear RNA, orgarieller RNA and other 

cellular RNA. 

7. The process according to claim 6, wherein the compound is capable of cleaving an HIV-1 virus RNA target se- 
quence. 

45 

8. A process for preparing a composition which comprises the compound prepared according to any of claims 1 , 2, 
3, 4, 5, 6 or 7 in association with a pharmaceutical acceptable carrier comprising the step of combining the com- 
ponents in a manner known per se. 

so 9. a process for preparing an engineered DNA molecule coding for the compound prepared according to claim 3 
comprising the step of synthesizing the DNA in a manner known per se. 

10. A process for preparing a vector containing a nucleotide sequence operatively linked to expression control se- 
quences which nucleotide sequence on transcription gives rise to the compound prepared according to claim 3 

55 comprising the step of linking the sequences in a manner known per se. 

11. The process according to claim 10, wherein the vector is capable of self-replication in a host. 
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12. A process for preparing a composition which comprises the vector of claim 1 0 in association with a pharmaceutical 
acceptable carrier comprising the step of combining the components in a manner known per se. 

13. A process for preparing a host cell transformed with a vector prepared according to claim 10 comprising the step 
5 . of transforming the. host cell with the vector in a manner known per se. 

14. A method of inactivating an RNA target sequence which comprises contacting an RNA target sequence with a 
compound prepared according to claim 1 . 

to 15. The method of claim 14, wherein the inactivation of the target RNA occurs in a host cell. 

Claims for the following Contracting State : GR 

is 1. A compound having the structure: 

3' 

^N) P f AUAUUAC (M) P4 

wherein each N represents a ribonucleotide, deoxyribonucleotide, phosphorothioate, or modified nucleotide 
25 which may be the same or different; wherein each of (N) F4 and (N) F3 represents an oligonucleotide having a 

predetermined sequence which is capable of hybridizing with an RNA target sequence to be cleaved; 
wherein F3 represents an integer which defines the number of nucleotides in the oligonucleotide with the 
proviso that F3 is greater than or equal to 3; 

wherein F4 represents an integer which defines the number of nucleotides in the oligonucleotide with the 

so proviso that F4 is from 3 to 5; 

wherein each of (N) P1 and (N) P4 represents an oligonucleotide having a predetermined sequence such that 
(N) P4 base-pairs with 3-6 bases of (N) P1 ; wherein P1 represents an integer which defines the number of nu- 
cleotides in the oligonucleotide with the proviso that P1 is from 3 to 6 and the sum of P1 and F4 equals 9; 
wherein (N) S1 represents an oligonucleotide having a predetermined sequence of 4-7 bases such that (N) S1 

35 is substantially unpaired; wherein each of (N) P2 and (N) P3 represents an oligonucleotide having a predeter- 

mined sequence such that (N) P2 base-pairs with at least 3 bases of (N) P3 ; wherein each * represents base 
pairing between the nucleotides located on either side thereof; wherein each solidline represents a chemical 
linkage providing covalent bonds between the nucleotides located on either side thereof; wherein each of the 
dashed lines independently represents either a chemical linkage providing covalent bonds between the nu- 

40 cieotides Ideated on either side thereof or the absence of any such chemical linkage; and wherein (N) L2 rep^- 

resents ah oligonucleotide which may be present or absent with the proviso that L2 represents an integer 
which is greater than or equal to 3 if (N)^ is present 

provided that (N) F4-AAGA-(N)F3-5' does not comprise ACUGAAGAGACAAA. 

45 

2. the compound of claim 1 , wherein each N represents a deoxyribonucleotide. 

3. The compound of claim 1 , wherein each N represents a ribonucleotide. 
so 4. The compound of claim 1 , wherein (N)^ is present. 

5. The compound of claim 1 , wherein the compound has the structure: 

55 
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3' 

A 

U— OTG-GUAUAUUAC-CUGGU 

|| .-.add . . dOf^OO 

^ G-CAC-ACAAAGA— GACCA — NNNK — AAGA MNNNNN-5 ' - 



15 



6. The compound of claims 1 to 4, wherein (N) F4 and (N) F3 represents an oligonucleotide having a predetermined 
sequence such that the compound is capable of cleaving an RNA target sequence selected from the group con- 
sisting of messenger RNA, transfer RNA, ribosomal RNA, viral RNA, nuclear RNA, organellar RNA and other 
cellular RNA. 

7. The compound of claim 6, wherein the compound is capable of cleaving an HfV-1. virus RNA target sequence; 

8. A process for preparing a composition which comprises the compound of any of claims 1, 2, 3, 4, 5, 6 or 7 in 
association with a pharmaceutically acceptable carrier, comprising the step of combining the components in a 
manner known per se. 

20 9. An engineered DNA molecule coding for the compound of claim 3. 

10. A vector containing a nucleotide sequence operatively linked to expression control sequences which nucleotide 
sequence on transcription gives rise to the compound of claim 3. 

25 11. The vector of claim 10, wherein the vector is capable of self -replication in a host. 

1 2. A process for preparing a composition which comprises the vector of claim 1 0 in association with a pharmaceutical 
acceptable carrier comprising the step of combining the components in a manner known per se. 

30 1 3. A host cell transformed with a vector of claim 1 0. 

14. A method of inactivating an RNA target sequence which comprises contacting an RNA target sequence with a 
compound of claim 1 . 

35 15. The method of claim 1 4, wherein the inactivation of the target RNA occurs in a host cell. 

16. The use of the compound of claims 1 to 4 in the manufacture of a pharmaceutical for the treatment of HI V-lnfections. 

40 Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, If, LI, LU, NL, SE 

45 1. Verbindung mit der Struktur: 

^ . ^ N ) PS AU AUU A C ( N ) p4 

(Kt ^^(N) P2 — (N) s1 — (M^— (N) , 4 — AAGA— (M) ^5 ' 

worin jedes N ein Ribonukleotid, Desoxyribpnukleotid, Phosphorothioat Oder mpdif iziertes Nukleotid, die gleich 
55 oder verschieden sein konhen, darstellt; worin jeweils (N) F4 und (N) F3 ein Oligonukleotid darstellt, das mit 

eiher zu spattenden RNA^Zielsequehz hybridisieren kann; 

worin F3 eine ganze Zahl darstellt, die die Anzahl der Nukleotide in dem Oligonukleotid definiert, mit der 
MaBgabe, daB F3 groBer oder gleich 3 ist; worin F4 eine ganze Zahl darstellt, die die Anzahl der Nukleotide 
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2. 
3. 

20 

4. 
5. 

25 
30 

6. 

35 

7. 

40 8. 

9. 

45 10. 
11. 

SO 

12. 
13. 

ss 

14. 



in dem Oligonukleotid definiert, mit der MaBgabe, daB F4 3 bis 5 darstellt; worin jeweils (N) P1 und (N) P4 ein 
Oligonukleotid mit einer vorab bestimmten Sequenz darstellt, so daB (N) P4 mit 3 bis 6 Basen von (N) P1 eine 
Basenpaarung eingeht; worin P1 eine ganze Zahl darstellt, die die Anzahl der Nukleotide in dem Oligonukleotid 
definiert, mit der MaBgabe, daB P1 3 bis 6 betragt und die Summe von P1 und F4 9 ergibt; worin (N) S1 ein 
Oligonukleotid mit einer vorab bestimmten Sequenz von 4 bis 7 Basen darstellt, so daB (N) S1 im wesentlichen 
nicht gepaart vorliegt; worin jeweils (N) P2 und (N) P3 ein Oligonukleotid mit einer vorab bestimmten Sequenz 
darstellen, so daB (N)^ mit mindestens drei Basen von (N) P3 eine Basenpaarung eingeht; worin jeder * eine 
Basenpaarung zwischen den Nukleotiden, die auf jeder Seite davon Eokalisiert sind, darstellt; worin jede durch- 
gezogene Linie eine chemische Bindung darstellt, die covalente Bindungen zwischen den Nukleotiden, die 
auf jeder Seite davoh lokalisiert sind, bereitstellen; worin jede unterbrochene Linie unabhangig entweder eine 
chemische Bindung darstellt, die covalente Bindungen zwischen den Nukleotiden, die auf jeder Seite davon 
jokalisiert sind, bereitstellen, oder die Abwesenheit einer solchen chemischen Bindung bedeutet; und worin 
(N)l2 ©in Oligonukleotid darstellt, das vorliegen oder abwesend sein kann, mit der MaBgabe, daB L2 eine 
ganze Zahl darstellt, die groBer oder gleich 3 ist, falls (N)^ vorhanden ist, vorausgesetzt, daB {H)^^^ 
{N) F3 _ 5 . nicht ACUGAAGAGACAAA umfaBt. 

Verbindung nach Anspruch 1, worin jedes N ein Desoxyribonukleotid darstellt. 

Verbindung nach Anspruch 1 , worin jedes N ein Ribonukleotid darstellt. 

Verbindung nach Anspruch 1 , worin (N)^ vorhanden ist. 

Verbindung nach Anspruch 1 mit der Struktur: 



3' 
A 

>U— OTG— GUAUAUUAC— CUCOT 
Xj' *** ***** 

^ G-CAC— ACAAAGA GACCA NNNN — AAGA — NNNNNW-S ' • 



Verbindung nach einem der Anspruche 1 bis 4, worin (N) F4 und (N) F3 ein Oligonukleotid mit einer vorab bestimmten 
Sequenz darstellt, so daB die Verbindung eine RNA-Zielsequenz, ausgewahlt aus der Gruppe, bestehend aus 
Boten-RNA, Transfer-RNA, ribosomaler RNA, viraler RNA, Kern-RNA, Organell-RNA und anderer zellularer RNA, 
spalten kann. 

Verbindung nach Anspruch 6, worin die Verbindung eine HIV-I Virus-RNA-Zielsequenz spalten kann. 

Eine Zusammensetzung, die die Verbindung nach einem der AnsprOche 1, 2, 3, 4, 5, 6 oder 7 in Assoziation mit 
einem pharmazeutisch zulassigen Trager umfaBt. 

Ein konstruiertes DNA-Molekul, das fur die Verbindung von Anspruch 3 codiert. 

Ein Vektor, enthaltend eine Nukleotidsequenz, die in funktionsfahiger Weise mit Expressionskontrollesequehzen 
verknupft ist, wobei die Nukleotidsequenz bei der Transkription zu der Erzeugung der Verbindung von Anspruch 
3fuhrt. 

Der Vektor nach Anspruch 10, worin der Vektor zur Selbstreplikation in einem Wirt fahig ist. 

Zusammensetzung, die den Vektor nach Anspruch 10 in Assoziation mit einem pharmazeutisch zulassigen Trager 
umfaBt. 

Wirtszelle, transformiert mit einem Vektor nach Anspruch 10. 

Verfahren zum Inaktivieren einer RNA-Zielsequenz, das das Inkontaktbringen einer RNA-Zielsequenz mit einer 
Verbindung nach Anspruch 1 umfaBt. 
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15. Verfahren nach Anspruch 14, worin die Inaktivierung der Ziel-RNA in einer Wirtszelle erfolgt. 

16. Verwendung der Verbindung nach den Anspruchen 1 bis 4 zur Herstellung eines Medikaments zur Behandlung 
von HIV-lnfektionen. 

Patentanspruche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung einer Verbindung mit der Struktur: 



3 



9 



_^N) „ AUAUUAC (N) p4 



(M) n— <») «- (N) (N) M — AAGA— (M) n S ' 



worin jedes N ein Ribonukleotid, Desoxy ribonukleotid, Phosphorothioatodermodifiziertes Nukleotid, diegleich 
oder verschieden sein konnen, darstellt; worin jeweils (N) F4 und (N) F3 ein Oligonukleotid darstellt, das mit 

20 einer zu spaltenden RNA-Zielsequenz hybridisieren kann; 

worin F3 eine ganze Zahl darstellt, die die Anzahl der Nukleotide in dem Oligonukleotid definiert, mit der 
MaBgabe, daB F3 groBer oder gleich 3 ist; worin F4 eine ganze Zahl darstellt, die die Anzahl der Nukleotide 
in dem Oligonukleotid definiert, mit der MaBgabe, daB F4 3 bis 5 darstellt; worin jeweils (N) P1 und (N) P4 ein 
Oligonukleotid mit einer vorab bestimmten Sequenz darstellt, so daB (N) P4 mit 3 bis 6 Basen von (N) P1 eine 

25 Basenpaarung eingeht; worin P1 eine ganze Zahl darstellt, die die Anzahl der Nukleotide in dem Oligonukleotid 

definiert, mit der MaBgabe, daB P1 3 bis 6 betragt und die Summe von P1 und F4 9 ergibt; worin (N) S1 ein 
Oligonukleotid mit einer vorab bestimmten Sequenz von 4 bis 7 Basen darstellt, so daB (N) S1 im wesentlichen 
nicht gepaart vorliegt; worin jeweils (N) P2 und (N) P3 ein Oligonukleotid mit einer vorab bestimmten Sequenz 
darstellen, so daB (N) P2 mit mindestens drei Basen von (N) P3 eine Basenpaarung eingeht; worin jeder * eine 

30 Basenpaarung zwischen den Nukleotideh, die auf jeder Seite davon lokalisiert sind, darstellt; worin jede durch- 

gezogene Linie eine chemische Bindung darstellt, die covalente Bindungen zwischen den Nukleotiden, die 
auf jeder Seite davon lokalisiert sind, bereitstellen; worin jede unterbrochene Linie unabhangig entweder eine 
chemische Bindung darstellt, die covalente Bindungen zwischen den Nukleotiden, die auf jeder Seite davon 
lokalisiert sind, bereitstellen, oder die Abwesenheit einer solchen chemischen Bindung bedeutet; und worin 

35 (N)i_2 G ' n Oligonukleotid darstellt, das vorliegen oder abwesend sein kann, mit der MaBgabe, daB L2 eine 

ganze Zahl darstellt, die groBer oder gleich 3 ist, falls (N)^ vorhanden ist, vorausgesetzt, daB (NJp^^^ 
(N) F 3_ 5 . nicht ACUGAAGAGACAAA umfaBt, umfassend den Schritt des in vitro- oder in vivo -Synthetisierens 
dieser Verbindung. 

40 2. Verfahren nach Anspruch 1, worin jedes N ein Desoxy ribonukleotid darstellt. 

3. Verfahren nach Anspruch 1, worin jedes N ein Ribonukleotid darstellt. 

4. Verfahren nach Anspruch 1 , worin (N)|_2 vorhanden ist. 

45 

5. Verfahren nach Anspruch 1 , worin die Verbindung die Struktur 

3' 

so A 

C-CAC-ACAAACA— GACCA NNNN AAGA MNHWNM-3 ' 



hat. 

6. Verfahren nach einem der Anspruche 1 bis 4, worin (N) F4 und (N) F3 ein Oligonukleotid mit einer vorab bestimmten 
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Sequeriz darsteilt, so daB die Verbihdung eine RNA-Zielsequehz, ausgewahlt aus der Gruppe, bestehend aus 
Boten-RNA, Transfer-RNA, ribosomaler RNA, viraler RNA, Kern-RNA, Organell-RNA und anderer zellularer RNA, 
spalten kann. 

7. Verfahren nach Anspruch 6, worin die Verbindung eine HIV-I Virus-RNA-Zielsequenz spalten kann, t . 

8, Verfahren zur Herstellung einer Zusammensetzung, die die Verbindung nach einem der Anspruche 1, 2, 3, 4, 5, 
6 Oder 7 in Association mit einem pharmazeutisch zulassigen Trager umfaBt, umfassend den Schritt des Kombi- 
nierens der komponenten in an sich bekannter Weise. 

4 9. Verfahren zur Herstellung eihes konstruierten DNA-Molekuls, das f Or die Verbindung aus Anspruch 3 codiert, 
umfassend den Schritt des Synth et is ierens der DNA in an sich bekannter Weise. 

10. Verfahren zur Herstellung eines Vektor, enttialterid eine Nukleptidsequenz, die in funktiohsfahiger Weise mit Ex- 
15 pressionskontrollesequenzen verknupft ist, wobei die Nukleptidsequenz bei der Transkription zu der ErzeUgung 

der Verbindung von Anspruch 3 fuhrt, umfassend den Schritt des Verknupfens der Sequenzen in an sich bekannter 
Weise. 



20 



11. Verfahren nach Anspruch 10, worin der Vektor zur Selbstreplikation in einem Wirt fahig ist. 

12. * Verfahren zur Herstellung einer Zusammensetzung, die den Vektor nach Anspruch 10 in Association mit einem 

pharmazeutisch zulassigen Trager umfaBt, umfassend den Schritt des Kombinierens der Komponenten in an sich 
bekannter Weise. 

25 13. Verfahren zur Herstellung einer Wirtszelle, transformiert mit einem Vektor nach Anspruch 10, umfassend den 
Schritt des Transformierens der Wirtszelle mit dem Vektor in an sich bekannter Weise. 

14. Verfahren zum Inaktivieren einer RNA-Zielsequenz, das das Inkoniaktbringen einer RNA-Zielsequenz mit einer 
Verbindung nach Anspruch 1 umfaBt. , 

30 

15. Verfahren nach Anspruch 14, worin die Inaktivierung der Ziel-RNA in einer Wirtszelle erfolgt. 
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Patentanspruche fur folgenden Vertragsstaat : GR 

1. Verbindung mit der Struktur: 



3 



40 J, M) pj AUAUUAC (N) 9(t 




(M) p1 (M) , 6 — AAGA— <N),j-5' 



45 worin jedes N ein Ribonukleotid, Desoxyribonukleotid, Phosphorothioatodermodifiziertes Nukleotid, die gleich 

oder verschieden sein konnen, darsteilt; worin jeweils (N) F4 und (N) F3 ein Oligonukleotid darsteilt, das mit 
einer zu spaltenden RNA-Zielsequenz hybridisieren kann; 

worin F3 eine ganze Zahl darsteilt, die die Anzahl der Nukleotide in dem Oligonukleotid definiert, mit der 
MaBgabe, daB F3 groBer oder gleich 3 ist; worin F4 eine ganze Zahl darsteilt, die die Anzahl der Nukleotide 

so in dem Oligonukleotid definiert, mit der MaBgabe, daB F4 3 bis 5 darsteilt; worin jeweils (N) P1 und (N) P4 ein 

Oligonukleotid mit einer vorab bestimmten Sequenz darsteilt, so daB (N) P4 mit 3 bis 6 Basen von (N) P1 eine 
Basenpaarung eingeht; worin P1 eihe ganze Zahl darsteilt, die die Anzahl der Nukleotide in dem Oligonukleotid 
definiert, mit der MaBgabe, daB P1 3 bis 6 betragt und die Summe von P1 und F4 9 ergibt; worin (N) S1 ein 
Oligonukleotid mit einer vorab bestimmten Sequenz von 4 bis 7 Basen darsteilt, so daB (N) S1 im wesentlicheh 

ss nicht gepaart vorliegt; worin jeweils (N) P2 und (N) P3 ein Oligonukleotid mit einer vorab bestimmten Sequenz 

darstellen, so daB (N) P2 mit mindestens drei Basen von (N) P3 eine Basenpaarung eingeht; worin jeder * eine 
Basenpaarung zwischen den Nukleotideh, die auf jeder Seite davon lokalisiert sind, darsteilt; worin jede durch- 
gezogene Linie eine chemische Bindung darsteilt, die covalente Bindungen zwischen den Nukleotiden, die 
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auf jeder Seite davon lokalisiert sind, bereitstellen; worin jede unterbrochene Linie unabhangig entweder eine 
chemische Bindung darstellt, die covalente Bindungen zwischen den Nukleotiden, die auf jeder Seite davon 
lokalisiert sind, bereitstellen, oder die Abwesenheit einer solchen chemischen Bindung bedeutet; und worin 
(N)j_2 ein Oligonukleotid darstellt, das vorliegen oder abwesend sein kann, mit der MaBgabe, daB L2 eine 
s ganze Zahl darstellt, die groBer oder gleich 3 ist, falls (N)^ vorhanden ist, vorausgesetzt, daB (N) F4 _ AAGA 

(N) F3 . 5 . nicht ACUGAAGAGACAAA umfaBt. 

2. Verbindung nach Anspruch 1 , worin jedes N ein Desoxyribonukleotid darstellt. 

10 3. Verbindung nach Anspruch 1 , worin jedes N ein Ribonukleotid darstellt. 

4. Verbindung nach Anspruch 1 , worin (N)[_2 vorhanden ist. 

5. Verbindung nach Anspruch 1 mit der Struktur: 

3' 
A 

.U-GUG-GUAUAUUAC-CUGGU 

20 U ***** 

^ G— CAC— AGAAAGA— — GACCA NNNN— AAGA NNNNNN-5 ' • 



6. Verbindung nach einem der AnsprOche 1 bis 4, worin (N) F4 und (N) F3 ein Oligonukleotid mit einer vorab bestimmten 
25 Sequenz darstellt, so daB die Verbindung eine RNA-Zielsequenz, ausgewahlt aus der Gruppe, bestehend aus 

Boten-RNA, Transfer-RNA, ribpsomaler RNA, viraler RNA, Kern-RNA, Organell-RNA und anderer zellularer RNA, 
spalten kann. 

7. Verbindung nach Anspruch 6, worin die Verbindung eine HIV-I Virus-RNA-Zielsequenz spalten kann. 

30 

8. Verfahren zur Herstellung einer Zusammensetzung, die die Verbindung nach einem der AnsprOche 1 , 2, 3, 4, 5, 
6 oder 7 in Assoziation mit einem pharmazeutisch zulassigen Trager umfaBt, umfassend den Schritt des Verbin- 
dens der Komponenten in an sich bekannter Weise. 

35 9. Ein konstruiertes DNA-Molekul, das f Or die Verbindung von Anspruch 3 codiert. 

10. Ein Vektor, enthaltend eine Nukleotidsequenz, die in funktionsfahiger Weise mit Expressionskontrollesequenzen 
verknupft ist, wobei die Nukleotidsequenz bei der Transkriptipn zu der Erzeugung der Verbindung von Anspruch 
3 fuhrt. 

40 

11. Der Vektor nach Anspruch 10, worin der Vektor zur Seibstreplikation in einem Wirt f£hig ist. 

12. Verfahren zur Herstellung einer Zusammensetzung, die den Vektor nach Anspruch 10 in Assoziation mit einem 
pharmazeutisch zulassigen Trager umfaBt, umfassend den Schritt des Verbindens der Komponenten in an sich 

45 bekannter Weise. 

13. Wirtszelle, transformiert mit einem Vektor nach Anspruch 10. 

14. Verfahren zum Inaktivieren einer RNA-Zielsequenz, das das Inkontaktbringen einer RNA-Zielsequenz mit einer 
so Verbindung nach Anspruch 1 umfaBt. 

15. Verfahren nach Anspruch 14, worin die Inaktivierung der Ziel-RNA in einer Wirtszelle erf olgt. 

16. Verwendung der Verbindung nach den Anspruchen 1 bis 4 zur Hersteliung eines Medikaments zur Behandlung 
55 von HIV-lnfektionen. 
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Revendications 

Revendications pour ies Etats contractants sulvants : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1 . Compose ayant la structure : 



'0 ^N) p j- AUAUUAC 

(Mr ^-v(N) P2 — (N) sr <N)* , (N) , 6 — AAGA— (K) „-5- 

is ou chaque N represente un ribonucleotide, un desoxyribonucleotide, un phosphorothioate ou un nucleotide mo- 

difie, qui peuvent etre Ies memes ou differents ; ou chacun de (N) F4 et de (N) F3 reprdsente un oligonucleotide 
ayant une sequence predeterminee qui est capable de s'hybrider avec une sequence cible d'ARN a diver ; ou F3 
represente un nombre entier qui definit le nombre de nucleotides dans ('oligonucleotide, avec la condition que F3 
soit superieur ou egal a 3 ; ou F4 represente un nombre entier qui definit le nombre de nucleotides dans I'oligo- 

20 nucleotide, avec la condition que F4 soit de 3 a 5 ; ou chacun de (N) P1 et de (N) P4 represente un oligonucleotide 

ayant une sequence predeterminee telle que des bases de (N) P4 s'apparient avec 3 a 6 bases de (N) P1 ; ou P1 
represente un nombre entier qui definit le nombre de nucleotides dans ('oligonucleotide, avec la condition que P1 
soit de 3 a 6 et que la somme de P1 et de F4 soit egale a 9 ; ou (N) S1 represente un oligonucleotide ayant une 
sequence predeterminee de 4 a 7 bases telle que (N) S1 soit substantiellement non apparie ; ou chacun de (N) P2 

25 et de (N) P3 represente un oligonucleotide ayant une sequence predeterminee telle que des bases de (N) P2 s'ap- 

parient avec au moins 3 bases de (N) P3 ; ou chaque * represente un appariement de bases entre Ies nucleotides 
situes sur Ies deux cdtes de celui-ci ; ou chaque trait plein represente une liaison chimique fournissant des liaisons 
covalentes entre Ies nucleotides situes sur Ies deux cdtes de celui-ci ; ou chacun des traits potntilles represente 
independamment soit une liaison chimique fournissant des liaisons covalentes entre Ies nucleotides situes sur 

30 chaque cote de ceux-ci soit ('absence d'une telle liaison chimique ; et ou (N)|_2 represente un oligonucleotide qui 

peut etre present ou absent, avec la condition que L2 represente un nombre entier qui est superieur ou 6gal a 3 
si (N)l2 est present, a condition que (N) F4 -AAGA-(N)p3-5' ne constitue pas ACUGAAGAGACAAA. 



2. Compose selon la revendication 1, dans lequel chaque N represente un desoxyribonucleotide. 

3. Compose selon la revendication 1, dans lequel chaque N represente un ribonucleotide. 

4. Compose selon la revendication 1, dans lequel (N)^ est present. 
40 5. Compose selon la revendication 1 , ayant la structure : 

3' 
A 

45 y U GUG GUAUAUUAC CUGGU 

U *«* ••*•• 

^ G CAC ACAAAGA GACCA - — NNNN — ^ AAGA - NNNNNN - 



SO 

6. Compose selon Ies revendications 1 a 4, dans lequel (N) F4 et (N) F3 represented un oligonucleotide ayant une 
sequence predeterminee telle que le compose soit capable de diver une sequence cible d'ARN choisie dans le 
groupe constitue de TARN messager, de I'ARN de transfert, de I'ARN ribosbmal, de TARN viral, de TARN nucleaire, 
de I'ARN d'organelle et d'un autre ARN cellulaire. 

55 

7. Compose selon la revendication 6, le compose etant capable de cltver une sequence cible d'ARN du virus HIV-1 . 

8. Composition qui comprend le compose selon Tune quelconque des revendications 1, 2, 3, 4, 5, 6 ou 7 en asso- 
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ciation avec un vehicule pharmaceutiquement acceptable. 

9. Molecule d'ADN modified par g£nie g^netique cpdant pour le compose de la revendication 3. 

s 10. Vecteur contenant une sequence de nucleotides liee de facon operationnelle a des sequences de contrdle d'ex- 
pression, cette sequence de nucleotides, par transcription, donnant naissance au compost de la revendication 3. 

11. Vecteur selon la revendication 10, le vecteur etant capable de s'auto-repliquer chez un hdte. 

10 12. Composition qui comprend le vecteur de la revendication 1 0 en association avec un vehicule pharmaceutiquement 
acceptable. 

13. Cellule note transformed avec un vecteur de la revendication 10. 

is 1 4. Proc6d6 deactivation d'une sequence cible d'ARN, qui comprend la mise en contact d'une sequence cible d'ARN 
avec un compose de la revendication 1 . 

15. Proced6 selon la revendication 14, dans lequel l-inactivation de TARN cible se produit dans une cellule h8te. 

20 16. Utilisation du compose selon les revendications 1 a 4 pour ta fabrication d'un produit pharmaceutique pour le 
traitement defections par HIV 



25 
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Revendications pour I'Etat contractant suivant : ES 

1. ProcedS pour la preparation d'un compose ayant la structure : 



pj ACJAUtJAC 



ou chaque N represente un ribonucleotide, un desoxyribonucl6otide, un phosphorothioate ou un nucleotide mo- 
difie, qui peuvent §tre les m§mes ou differents ; ou chacun de (N) F4 et de (N) F3 represente un oligonucleotide 
ayant une sequence predeterminee qui est capable de s'hybrider avec une sequence cible d'ARN a diver ; ou F3 
represente un nombre entier qui definit le nombre de nucleotides dans I'oligonucieotide, avec la condition que F3 

40 soit superieur ou 6gal a 3 ; ou F4 represente un nombre entier qui definit le nombre de nucleotides dans Poligo- 

nucieotide, avec la condition que F4 soit de 3 a 5 ; ou chacun de (N) P1 et de (N) P4 represente un oligonucleotide 
ayant une sequence predeterminee telle que des bases de (N) P4 s'apparient avec 3 a 6 bases de (N) P1 ; ou P1 
represente un nombre entier qui definit le nombre de nucleotides dans I'oligonucieotide, avec la condition que P1 
soit de 3 a 6 et que la somme de P1 et de F4 soit egale a 9 ; ou (N) S1 represente un oligonucleotide ayant une 

45 sequence predeterminee de 4 a 7 bases telle que (N) S1 soit substantiellement non apparie ; ou chacun de (N) P2 

et de (N)p 3 represente un oligonucleotide ayant une sequence predeterminee telle que des bases de (N) P2 s'ap- 
parient avec au moins 3 bases de (N) P3 ; ou chaque * represente un appariement de bases entre les nucleotides 
/ situes sur les deux c6tes de celui-ci ; ou chaque trait piein represente une liaison chimique foumissant des liaisons 
covalentes entre les nucleotides situ6s sur les deux cot6s de celui-ci ; ou chacun des traits pointilies represente 

so independamment soit une liaison chimique foumissant des liaisons covalentes entre les nucleotides situes sur 

chaque cote de ceux-ci soit Tabsence d'une telle liaison chimique ; et ou (N)|_2 represente un oligonucleotide qui 
peut etre present ou absent, avec la condition que L2 represente un nombre entier qui est superteur ou egal a 3 
si (N) L2 est present, a condition que (N) F4 -AAGA-(N) F3 -5' ne constitue pas ACUGAAGAGACAAA, comprenant 
retape de synthese dudit compose in vitro ou in vivo . 



2. Proc6d6 selon la revendication 1, dans lequel chaque N represente un d6soxyribonucl6otide. 

3. Precede selon la revendication 1 , dans lequel chaque N represente un ribonucleotide. 
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4. Proc6d6 selon ta revendication 1 , dans lequel (N)^ est present. 



5. Proc6d6 selon la revendication 1 , dans lequel le compost a la structure : 



U GUG 



A 

GUAUAUUAC CUGGU 



U 



o o o o o 




CAC 



ACAAAGA GACCA NNNN AAGA— NNNNNN 5' 



6. Precede selon les revendications 1 a 4, dans lequel (N) F4 et (N) F3 representent un oligonucleotide ayant une 
sequence pr6d6terminee telle que le compose soit capable de diver une sequence cible d'ARN choisie dans le 
groupe constitue de TARN messager, de TARN de transfert, de TARN ribosomal, de I'ARN viral, de TARN nucieaire, 
de I'ARN d'organelle et d'un autre ARN ceMulaire. 

7. Proced6 selon la revendication 6, dans lequel le compose etant capable de diver une sequence cible d'ARN du 
virus HI V-1. 

8. Precede pour la preparation d'une composition qui comprend le compose selon I'une quelconque des revendica- 
tions 1, 2, 3, 4, 5, 6 ou 7 en association avec un v6hicule pharmaceutiquement acceptable, comprenant retape 
de combinaison des constituants d'une maniere connue en tant que telle. 

9. Procede pour la preparation d'une molecule d'ADN modifiee par g6nie gen6tique codant pour le compose de la 
revendication 3 comprenant une 6tape de synthase de I'ADN d'une maniere connue en tant que telle. 

10. Precede pour la preparation d'un vecteur contenant une sequence de nucleotides liee de facon operationnelle a 
des sequences de cbntrole d'expression, cette sequence de nucleotides, par transcription, donnant naissance au 
compose de la revendication 3 comprenant une 6tape de liaison des sequences d'une maniere connue en tant 
que telle. 

11. Precede selon la revendication 10, le vecteur 6tant capable de s'auto-repliquer chez un h6te. 

12. Precede de preparation d'une composition qui comprend le vecteur de la revendication 10 en association avec un 
vehicule pharmaceutiquement acceptable, comprenant I'etape de combinaison des constituants d'une maniere 
connue en tant que telle. 

13. Precede pour la preparation d'une cellule note transformee avec un vecteur prepare selon la revendication 10 
comprenant retape de transformation de la cellule hdte avec le vecteur d'une maniere connue en tant que telle. 

14. Proc6d6 deactivation d'une sequence cible d'ARN, qui comprend la mise en contact d'une sequence cible d'ARN 
avec un compose prepare selon la revendication 1 . 

15. Precede selon la revendication 14, dans lequel I'inactivation de I'ARN cible se produit dans une cellule note. 



Revencications pour I'Etat contracts nt suivant : GR 

1. Compose ayant la structure : 



3' 



^<M) pJ AUAUUA< 



(N) P1 — (M) , 4 AAGA— (M) „-5 ' 
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ou chaque N represente un ribonucleotide, un d6soxyribonucl6otide, un phosphorothioate ou un nucleotide mo- 
difie, qui peuvent etre les memes ou differents ; ou chacun de (N) F4 et de (N) F3 represente un oligonucleotide 
ayant une sequence predeterminee qui est capable de s'hybrider avec une sequence cible d'ARN a ctiver ; ou F3 
represente un nombre entier qui d6finit le nombre de nucleotides dans I'oligonucleotide, avec la condition que F3 

s soit superieur ou egal a 3 ; ou F4 represente un nombre entier qui defihit le nombre de nucleotides clans ^oligo- 

nucleotide, avec la condition que F4 soit de 3 a 5 ; ou chacun de (N) P1 et de (N) P4 represente un oligonucleotide 
ayant une sequence predeterminee telle que des bases de (N) P4 s'apparient avec 3 a 6 bases de (N) P1 ; ou P1 
represente un nombre entier qui d6finit le nombre de nucleotides dans ['oligonucleotide, avec la condition que P1 
soit de 3 a 6 et que la somme de P1 et de F4 soit 6gale a 9 ; ou (N) S1 represente un oligonucleotide ayant une 

10 sequence predeterminee de 4 a 7 bases telle que (N) S1 soit substantiellement non apparie ; ou chacun de (N) P2 

et de (N) P3 repr6sente un oligonucleotide ayant une sequence predeterminee telle que des bases de (N)^ s'ap- 
parient avec au moins 3 bases de (N) P3 ; ou chaque * represente un appariement de bases entre les nucleotides 
situ6s sur les deux cotes de celui-ci ; ou chaque trait plein represente une liaison chimique foumissant des liaisons 
covalentes entre les nucleotides situ6s sur les deux c6t6s de celui-ci ; ou chacun des traits pointil|6s represente 

is independamment soit une liaison chimique foumissant des liaisons covalentes entre les nucleotides situes sur 

chaque cote de ceux-ci soit I'absence d'une telle liaison chimique ; et ou (N)|_2 represente un oligonucleotide qui 
peut 6tre present ou absent, avec ta condition que L2 represente un nombre entier qui est supeheur pu 6gal a 3 
si (N)l2 est present, a condition que (N) F4 -AAGA-(N) F3 -5' ne constitue pas ACUGAAGAGACAAA. 

20 2. Compose selon la revendication 1 , dans lequel chaque N represente un desoxyribonucieotide. 

3. Compose selon la revendication 1, dans lequel chaque N represente un ribonucleotide. 

4. Compose selon la revendication 1 , dans lequel (N)^ est present. 

5. Compose selon la revendication 1 , dans lequel le compose a la structure : 



25 



30 



35 



y 

A 

y U GUG - — GUAUAUUAC CUGGU 

TJ • • • • • • * • 

\ G CAC — ACAAAGA GACCA — NNNN — AAGA NNNNNN - 



6. Compose selon les revendications 1 a 4, dans lequel (N) F4 et (N) F3 representent un oligonucleotide ayant une 
sequence predetermines telle que le compose soit capable de diver une sequence cible d'ARN choisie dans le 
groupe constitue de I'ARN messager, de TARN de transfert, de I'ARN ribosomat, de I'ARN viral, de I'ARN nucieaire, 

40 de I'ARN d'organelle et d'un autre ARN cellulaire. 

7. Compose selon la revendication 6, le compose etant capable de diver une sequence cible d'ARN du virus HI V-1 . 

8. Proc6d6 pour la preparation d'une composition qui comprend le compose selon Tune quelconque des revendica- 
45 tions 1, 2, 3, 4, 5, 6 ou 7 en association avec un vehicule pharmaceutiquement acceptable, comprenant I'etape 

de combinaison des constituants d'une maniere connue en tant que telle. 

9. Molecule d'ADN modifi6e par g6nie genetique codant pour le compose de la revendication 3. 

so 10. Vecteur contenant une sequence de nucleotides liee de facon operationnelle a des sequences de contrdle d'ex- 
pression, cette sequence de nucleotides, par transcription, donnant naissance au compose de la revendication 3. 

11. Vecteur selon la revendication 10, le vecteur 6tant capable de s'auto-r6pliquer chez un note. 

55 12. Procede de preparation d'une composition qui comprend le vecteur de la revendication 10 en association avec un 
v6hicule pharmaceutiquement acceptable, comprenant I'etape de combinaison des constituants d'une maniere 
connue en tant que telle. 
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13. Cellule hdte transformed avec un vecteur de la revendication 10. 

1 4. Proc6d6 deactivation d'une sequence cible d'ARN, qui comprend la mise en contact d'une sequence cible d'ARN 
avec un compose de la revendication 1 . 

15. Proced6 selon la revendication 14, dans lequel I'inactivation de TARN cible se produit dans une cellule hdte. 

16. Utilisation du compos 6 selon les revendications 1 a 4 lors de la fabrication d'un produit pharmaceutique pour le 
traitement defections par HIV. 



55 
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FIG.1 
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FIG. 9 
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FIG.10 
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FIG.11B 
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FIG.11C 
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